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PREFACE 


TX/"  HERE  AS  tlie  methods  of  manufacturing  the  body  for 

?  the  finest  ceramic  ware,  namely,  fine  earthenware,  hard 
and  soft  porcelain,  have  attained  the  highest  stage  of  develop¬ 
ment  during  the  past  half-century,  the  methods  relating  to 
the  artistic  decoration  of  the  ware  are  still  in  process  of 
evolution — probably  because  chemical  science  is  now  in  an 
advanced  condition  and  scarcely  a  day  passes  without  some 
new  discovery  in  the  domain  of  chemical  technology. 

Ceramists  are  constantly  endeavouring  to  produce  new 
colour  effects  on  their  ware,  and  combine  these  with  effects 
of  reflection  and  lustre ;  and  surprising  results  have  been 
obtained  in  the  decoration  of  ceramic  products  with  iridescent 
colours,  lustres,  and  the  noble  metals.  The  high  state  of  the 
transfer  printing  method  applied  to  glazed  ware  has  enabled 
articles  to  be  put  on  the  market,  decorated  in  a  highly  artistic 
manner  and  at  prices  out  of  all  proportion  to  those  which 
must  be  paid  for  ware  of  identical  appearance  that  has  been 
produced  by  hand. 

Photography,  too,  has  now  been  pressed  into  the  service 
of  the  ceramist  and  has  enabled  perfect  photographic  pictures 
to  be  reproduced  on  porcelain,  the  results  surpassing  all  other 
methods  in  durability. 

The  author  has  also  succeeded  in  applying  the  sand  blast — 
previously  confined  to  the  glass  industry — to  the  decoration 
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of  porcelain,  and  in  combining  this  process  with  electroplating 
for  the  decoration  of  ceramic  objects. 

In  accordance  with  the  title  selected  for  the  present  work, 
the  author  has  set  himself  the  task  of  describing  all  the 
methods  of  ceramic  decoration,  by  means  of  glazes,  engobes, 
colours,  metals,  and  lustres,  in  a  manner  that  will  enable  any 
professional  ceramist  to  obtain  any  desired  effect  in  this  class 
of  decoration. 

Special  consideration  has  also  been  devoted  to  describing 
the  methods  of  preparing  the  glazes,  etc.,  in  such  a  way  that 
failure  is  impossible  if  the  instructions  given  are  carefully 
followed.  The  author  therefore  is  filled  with  the  pleasant 
hope  that  his  work  will  be  found  a  reliable  handbook  and 
work  of  reference  on  all  practical  questions  in  connection  with 
its  subject. 

THE  AUTHOR. 
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PART  I. 

INTRODUCTION. 

Glazes  and  Engobes. 

rpiIE  attempt  at  shaping  plastic  materials  into  the  form  of 
vessels  and  utensils  was  the  first  symptom  of  industrial 
activity  evinced  by  man  in  the  course  of  his  intellectual 
development.  Since  the  clay  occurring  in  great  abundance 
on  various  parts  of  the  earth’s  surface  exhibits  the  property  of 
forming  an  unusually  plastic  mass  when  mixed  with  water, 
and  setting  hard  again  when  dried,  it  is  highly  probable  that 
the  first  vessels  made  were  of  this  material.  The  circumstance 
that  vessels  made  solely  of  clay  are  extremely  fragile  will 
sufficiently  account  for  the  absence  of  any  existing  remains  of 
these  products  at  the  present  time. 

Accident  may  have  taught  man  that  exposure  to  a  red 
heat  will  convert  clay  into  a  hard,  resistant  body :  and  it  is 
to  the  discovery  of  this  fact  that  we  owe  the  existence  of 
numerous  souvenirs  of  clay  modelling  dating  from  prehistoric 
times.  The  remains  of  the  lake  dwellers’  habitations  always 
contain,  in  addition  to  fragments  of  textiles  and  weapons  of 
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horn  and  stone,  vessels  of  more  or  less  well-burned  clay  in 
a  good  state  of  preservation. 

In  proportion  as  civilisation  developed,  the  art  of  making 
clay  vessels  advanced  to  higher  stages.  Thus  we  find  in 
ancient  Assyrian  buildings  beautifully  coloured  bricks  in 
general  use  for  decorative  purposes ;  and  the  Egyptians  had 
already  learned  the  art  of  making  earthenware  vessels  in 
different  colours  and  coating  them  with  glaze.  Among  the 

ancient  Greeks  and  Etruscans  the  potter’s  trade  reached  the 
dignity  of  a  fine  art.  The  handsome  vases  of  Grecian  and 

Etruscan  origin  that  adorn  our  museums  afford  striking 

testimony  that  these  peoples  had  brought  this  branch  of 

human  artistic  skill  to  a  height  that  compels  our  admiration 
at  the  present  day. 

As  the  civilisation  of  the  antique  world  declined,  the  art 
of  the  potter,  like  all  the  other  arts,  receded  to  a  low  ebb, 
and  it  was  only  about  the  eighth  century  of  our  era  that  it 
began  to  flourish  once  more,  this  time  more  particularly 
in  the  hands  of  the  Moors  in  Spain.  Coloured  and  glazed 
pottery  by  Moorish  artists  of  that  age  testify  eloquently  to  the 
high  position  they  had  attained  in  this  branch  of  art ;  and  it 
is  probably  due  to  their  influence  that  potting  had  risen  from 
a  mere  handicraft  to  a  fine  art  in  Italy  by  the  fifteenth 
century. 

A  Florentine  artist,  Luca  della  Eobbia,  was  the  first  to 
produce  the  highly  appreciated  glazed  and  painted  artistic 
earthenware  known  as  “Majolica,”  specimens  of  which  are 
numbered  among  the  costly  treasures  of  our  museums.  Luca 
della  Robbia  and  his  successors  already  understood  the  art  of 
coating  pottery  with  various  glazes,  and  of  applying  to  the 
latter  a  diversity  of  colours;  so  that  we  must  regard  this 
artist  as  the  real  father  of  modern  ceramics.  The  production 
of  majolica  ware  spread  throughout  Italy,  and  works  were 
established  at  Pesaro,  Urbino,  and  other  places,  for  turning  out 
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glazed  and  painted  earthenware.  Faenza  was  also  a  seat  of 
the  industry  \  and  the  name  “  Faience,”  given  to  pottery  ware 
possessing  certain  qualities,  is  derived  from  that  town. 

The  development  of  potting  was  also  accompanied  by  progress 
in  the  ceramic  art  in  Germany,  France,  and  the  Netherlands. 
There  is  no  doubt  that  the  ceramists  of  these  countries  were 
disciples  of  the  Italian  masters,  especially  as  regards  the  beauty 
of  their  glazes  and  colours ;  hut  it  should  also  be  mentioned 
that  German  pottery  had  reached  a  high  state  of  perfection 
even  before  the  introduction  of  majolica  ware.  Germany  and 
the  Netherlands  manufactured  a  kind  of  ware  distinguished  by 
extieme  hardness  and  strength — a  product  still  occupying  an 
important  position  among  ceramic  products,  under  the  name  of 
“  stoneware.” 

In  England,  potting  remained  for  a  long  period  in  the  state 
of  a  mere  handicraft,  the  potters  only  turning  out  simple  ware, 
suitable  for  domestic  purposes,  and  it  was  not  until  the  middle 
of  the  eighteenth  century  that  the  ceramic  art  took  a  sudden 
upward  turn  in  this  country,  when  Josiah  Wedgwood  succeeded 
in  making  ware  of  such  eminent  beauty,  both  in  glaze  and 
colour,  that  it  rapidly  acquired  a  world-wide  reputation.  It 
was  to  Wedgwood  also  that  we  owe  the  production  of 
“Queen’s  ware,”  characterised  by  a  uniform  pure  whiteness 
throughout  the  mass. 

Although  European  ceramics  had  attained  a  high  state  of 
development,  the  art  was  still  several  centuries  behind  that  of 
Eastern  Asia,  none  of  the  Western  makers  being  able  to  produce 
ware  able  to  compare  in  beauty  and  strength  with  that  imported, 
under  the  name  of  “porcelain,”  from  China  and  Japan.  There 
was  no  lack  of  endeavour  to  produce  a  porcelain  body  equal  in 
its  properties  to  that  of  the  Chinese  potters,  but  the  results 
were  not  crowned  with  any  great  success,  until  Johann 
Friedrich  Bottcher,  in  1709,  prepared  a  body  equal  to  that  of 
Chinese  porcelain. 
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The  rapid  extension  of  this  new  method  of  manufacture, 
contemporaneously  with  the  great  strides  made  by  chemistry 
at  the  close  of  the  eighteenth  century,  enabled  European 
porcelain  to  overtake  the  Chinese  product,  both  in  point  of 
internal  properties  and  colouring;  but  it  was  reserved  for  the 
nineteenth  century  to  raise  the  porcelain  industry  to  its  present 
high  position.  This  result  was  obtained  only  after  innumerable 
painstaking  experiments  on  the  composition  of  the  porcelain 
bodies,  glazes,  and  appropriate  pigments — experiments  necessi¬ 
tating  the  prosecution  of  exact  chemical  investigations  as  an 
essential  preliminary  to  success. 

These  investigations  were  not  confined  solely  to  porcelain, 
but  extended  to  other  branches  of  ceramics  as  well.  Whereas 
formerly,  in  the  production  of  ordinary  pottery  ware,  each 
maker  worked  in  accordance  with  the  teachings  of  practical 
experience,  and  modified  the  operations  to  suit  the  raw  material 
available,  it  became  the  practice  to  subject  the  chemical 
composition  of  the  materials — more  particularly  the  clays  and 
the  substances  employed  for  glazes — to  exhaustive  examination  ; 
and  this  has  now  been  pushed  so  far  that  attention  is  bestowed 
on  the  chemical  properties  and  behaviour  in  the  kiln,  etc.,  of 
the  clay  used  for  making  even  the  commonest  class  of  ware — 
namely,  bricks. 

In  addition  to  carefully  testing  the  clay  forming  the  funda¬ 
mental  substance  of  all  ceramic  labours,  it  was  found  advis¬ 
able  to  examine  the  substances  used  in  preparing  the  glazes, 
experience  having  shown  that,  in  order  to  ensure  successful 
glazing,  the  substance  of  the  ware  must  bear  a  certain  relation 
to  that  of  the  glaze.  This  applies  equally  to  the  pigments  used, 
whether  these  be  incorporated  with  the  body  or  glaze,  or  applied 
to  the  surface  of  the  latter 

Unless  the  requisite  relation  be  maintained  between  the  funda¬ 
mental  substance  of  the  ware  and  the  applied  coatings — which 
may  be  divided  into  two  main  categories,  glazes  and  engobes — 
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the  production  of  a  perfect  article  will  be  solely  a  matter  of 
chance,  and  the  majority  of  the  pieces  will  be  more  or  less 
impaired  by  defects  which  we  shall  consider  in  detail  later. 
In  view  of  this  fact  it  becomes  essential  for  every  ceramist  to 
study  most  carefully  the  relation  between  the  different  com¬ 
ponents — shard,  engobe,  and  glaze,  or  shard  and  glaze  only — 
going  to  make  the  complete  ware,  so  that  he  may  he  in  a 
position  to  turn  out  a  perfect  article  and  to  remedy  any  defects 
that  may  arise. 


CHAPTER  I. 


Glazes  and  Engobes  generally. 

T)  Y  the  term  glaze  we  understand  in  ceramics  a  thin  vitreous 
^  coating  that  attaches  itself  firmly  to  the  body  of  the  ware, 
in  order  to  render  the  latter  impervious  to  moisture,  and  impart 
a  gloss  and  smoothness  to  the  surface. 

In  the  majority  of  instances  the  glaze  is  colourless,  so  that 
the  colour  of  the  underlying  body  shows  through.  Occasionally, 
however,  the  glaze  is  intentionally  mixed  with  pigments  or 
with  substances  rendering  it  more  or  less  opaque,  in  which 
event  the  colour  of  the  shard  is  no  longer  visible. 

In  addition  to  glazes,  earthenware  is  sometimes  coated  with 
engobes,  consisting  of  coloured  clay,  for  the  purpose  of  covering 
the  surface  of  the  ware  with  a  coloured  layer  of  predetermined 
thickness.  These  engobes  are  analogous  in  composition  to  the 
body  of  the  ware,  differing  therefrom  mainly  in  respect  of 
colour. 

Considerable  importance  also  attaches  to  the  coloured  fluxes, 
which  are  closely  allied  to  the  glazes,  inasmuch  as  their 
composition  resembles  that  of  the  colourless  glazes  in  many 
respects,  though  differing  essentially  in  containing  an  admixture 
of  pigment.  For  certain  kinds  of  ware,  pigments  known  as 
underglaze  colours  are  applied  before  glazing,  and  these  are 
more  nearly  related  to  the  engobes  than  the  glazes. 

Apart  from  the  increased  resistance  to  external  influences, 
imparted  to  the  ware  by  glaze,  by  the  vitreous  nature  of  the 
latter,  the  application  of  glazes  and  engobes  is  chiefly  for 


Glazes  and  Engobes  generally 


7 


artistic  purposes,  with  the  object  of  imparting  lustre,  smoothness, 
and  colour  to  the  surface  of  the  ware.  In  an  aesthetic  sense 
the  maximum  of  possibility  has  now  been  achieved,  since  there 
is  no  known  degree  of  lustre  or  shade  of  colour  that  cannot 
be  reproduced  on  ceramic  ware ;  and,  by  means  of  suitable 
engobes,  it  is  possible  to  produce  the  finest  colouring  on  pieces 
made  of  ordinary  ugly  clay.  This  is  a  circumstance  of  special 
importance  in  many  cases,  where  the  problem  of  imparting 
a  superficial  imitation  of  fine  ware  to  articles  of  inferior 
character,  such  as  stove  tiles,  and  facing  bricks  or  tiles  for 
building  purposes,  is  in  question.  In  this  connection,  also, 
a  very  high  degree  of  perfection  has  now  been  attained,  and 
the  potter’s  handicraft  raised  to  the  dignity  of  a  fine  art  in  this 
branch  too. 


CHAPTER  II. 


Glazes  and  their  Composition. 

A  CCORDIHG  to  their  composition,  glazes  may  be  classified 
into  three  chief  groups  : 

1.  Salt  glazes ; 

2.  Earthy  glazes  ;  and, 

3.  Fused  or  fritted  glazes. 

The  first  group,  salt  glazes,  may  be  dismissed  in  a  few  words, 
their  production  requiring  no  special  study  or  preparation. 
They  are  applied  while  the  ware  is  in  the  kiln,  by  throwing 
a  certain  quantity  of  common  salt  into  the  kiln  at  a  certain 
stage  of  the  baking  process. 

The  reaction  produced  is  as  follows: — The  common  salt 
(sodium  chloride)  is  vaporised,  and  decomposes  on  coming  into 
contact  with  the  water  vapour  present  in  the  furnace  gases> 
to  form  sodium  oxide  and  hydrochloric  acid.  The  oxide 
combines  with  the  silicates  of  which  the  earthenware  consists 
to  form  a  double  silicate,  a  refractory  glass,  constituting  a  very 
thin  layer  firmly  adhering  to  the  substratum  and  forming 
a  coating  that  is  only  slightly  attacked  by  the  strongest 
chemicals,  glass  being  one  of  the  most  resistant  substances 
known.  Salt  glaze  is  applied  to  the  majority  of  stoneware 
articles,  especially  such  as  are  used  in  factories  where  chemical 
products  are  made. 

The  second  group,  or  earth  glazes,  consist  of  bodies 
insoluble  in  water.  The  chief  point  in  their  preparation  is 

to  mix  the  ingredients  as  intimately  as  possible,  and  bring 
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them  into  an  extremely  fine  state  of  division.  This  is 
effected  by  grinding  the  mixtures  to  an  exceedingly  fine 
powder. 

The  fritted  or  fused  glazes  forming  the  third  group  are 
really  the  most  perfect  of  all,  and  are  prepared  in  a  merely 
fritted  or  sintered  mass,  or  as  a  completely  fused  mass  of 
vitreous  character.  Owing  to  the  high  uniformity  obtainable 
by  fusion,  this  operation  is  sometimes  applied  to  the  earthy 
glazes  as  well ,  so  that  there  is  no  sharp  line  of  demarcation 
between  these  two  classes.  Fusion,  however,  is  an  essential 
feature  of  the  fused  glazes,  because  some  of  the  ingredients 
are  soluble  in  water  and  therefore  cannot  be  ground  wet.  They 
also  present  so  many  other  advantages  over  the  earthy  glazes 
that  the  latter  are  being  more  and  more  displaced,  even  for 
cheap  ware.  True,  the  fusing  of  the  glazes,  in  the  first  place, 
increases  their  cost,  but  this  is  more  than  outweighed  by  the 
greater  convenience  in  application. 

It  is  clear  that  when  earthy  glazes  are  used,  the  actual  glaze 
is  not  formed  until  the  ware  is  baked,  and  in  these  circum¬ 
stances  it  is  easy  for  bubbles  to  he  formed  which  greatly  impair 
the  appearance  of  the  pieces.  Hence,  in  order  to  obtain 
uniform  glazing,  it  is  essential  that  the  ingredients  of  the 
glaze  should  be  ground  as  finely  as  possible  and  mixed  together 
so  intimately  that  a  uniform  coating  is  produced  when  the 
ware  is  fired. 

When,  as  is  frequently  the  case  with  earthy  glazes,  a  lead 
compound  is  present  in  the  mixture,  it  may  happen  that  the 
heavy  lead  compound  settles  down  out  of  the  mixture,  owing 
to  its  higher,  specific  gravity,  in  which  case  the  glaze  will  be  of 
irregular  character. 

This  is  one  of  the  reasons  why  earthy  glazes  are  going 
out  of  use,  except  for  very  common  articles,  and  for  the 
same  reason  even  common  glazes  are  now  generally  fused, 
this  operation  yielding  a  uniform  mass  which  does  not  need 


10 


Pottery  Decorating 


to  be  so  finely  ground  as  the  earthy  glazes,  though  it 
will  give  a  perfectly  even  coating,  free  from  bubbles,  when 
fired. 

Owing  to  the  difficulty,  on  the  one  hand,  of  avoiding  the 
use  of  lead  in  glazes  for  common  ware,  and  on  the  other  to 
the  poisonous  character  of  the  soluble  lead  compounds,  care 
must  be  taken  that  the  lead  compounds  are  contained  in  such 
a  form  in  the  glaze  that  they  are  not  easily  attacked  by  acid 
foods.  The  only  way  to  ensure  this  result  is  to  endeavour 
to  obtain  a  lead-alkali  silicate  that  contains  sufficient  silica 
to  withstand  the  action  of  acids.  Since,  in  the  case  of  cooking 
utensils,  acetic  acid  is  the  most  usual  form  of  acid  encountered, 
the  hygienic  regulations  of  various  countries  now  prohibit  the 
use  of  lead  glazes  that  are  attacked  by  4  per  cent,  acetic  acid 
Avlien  boiled  with  the  same  for  half  an  hour. 

In  compounding  glazes  care  must  he  taken  that  the  glaze 
has  a  lower  fusing  point  than  the  ware  to  which  it  is  to  be 
applied.  This  condition  is  easily  fulfilled,  since  even  common 
clay  has  a  fairly  high  fusing  point ;  but  if  the  two  fusing  points 
were  very  close  together,  the  pieces  would  inevitably  be  dis¬ 
torted  in  the  glost  kiln.  The  same  applies  to  engobes,  which 
must  have  a  higher  fusing  point  than  the  glaze,  and  be  fired 
at  a  temperature  just  sufficient  to  cause  them  to  adhere  firmly 
to  the  ware,  without  melting.  Engobed  ware  is  therefore 
always  dull  when  fired,  and  only  acquires  its  lustre  by  sub¬ 
sequent  glazing. 

The  fusing-point  of  the  glaze  is  a  most  important  factor  for 
the  success  of  the  glazing,  and  is  correct  when  the  fired  glaze 
melts  to  a  liquid  which  distributes  evenly  over  the  entire 
surface  of  the  piece  and  forms  a  vitreous  coating  when  cold. 
If  the  glaze  be  too  refractory,  the  finished  ware  will  be  dull  in 
patches,  showing  where  the  glaze  has  been  unable  to  flow 
properly.  Conversely,  glaze  that  is  too  fusible  will  appeal- 
thick  n  some  places,  and  thin  in  others. 
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FUSING  POINT  OF  GLAZES. 

The  fusing  point  of  a  glaze  depends  on  the  nature  of  the 
ingredients  used,  just  as  much  as  on  the  relative  quantities 
employed.  The  glazes  are  glasses,  the  acid  constituent  of 
which  is  usually  silica  exclusively,  more  rarely  accompanied 
by  boric  acid,  the  acid  or  acids  being  combined  with  basic 
substances  to  form  silicates  or  boro-silicates.  In  these  com¬ 
pounds  the  fusing  point  of  the  glazes  is  determined — 

1.  By  the  equivalent  proportion  between  acids  and  bases; 

2.  By  the  proportion  of  alumina  in  relation  to  the  bases  and 
acids ; 

3.  By  the  ratio  between  the  silica  and  boric  acid. 

The  richer  a  glaze  is  in  silica  the  less  readily  does  it  fuse, 
and  therefore  the  modification  of  the  proportion  of  silica  in  a 
glaze  affords  an  excellent  means  of  regulating  its  fusibility. 
Conversely,  when  a  glaze  contains  too  little  silica,  it  is  gener¬ 
ally  too  fusible,  and  then  either  sinks  into  the  porous  sub¬ 
stratum,  or  runs  off  the  surface  of  the  ware.  An  excessive 
silica  content,  on  the  other  hand,  results  in  the  glaze  either 
not  fusing  uniformly  or  else  decomposing  and  becoming  “  de- 
vitrified”  and  dull,  on  prolonged  exposure  to  the  firing  heat. 

The  bases  present  in  the  glaze  have  also  a  certain  influence 
on  the  physical  character  of  the  product,  a  considerable  analogy 
existing  in  this  respect  between  them  and  the  components  of 
glass  metal.  Most  of  the  ordinary  kinds  of  glass  consist  of 
calcium  silicate  in  combination  with  potassium  or  sodium 
silicate.  A  glaze  containing  only  one  or  other  of  these  alkali 
silicates  together  with  the  calcium  silicate  is  always  more 
infusible  than  one  in  which,  whilst  retaining  the  same  relative 
proportion  between  the  silica  and  the  basic  constituents,  both 
potassium  and  sodium  silicate  are  present  with  the  calcium 
silicate. 

Glazes  containing  considerable  amounts  of  alumina  can  only 
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be  used  when  the  glaze  material  is  fused  at  a  very  high 
temperature,  since  it  is  only  under  these  conditions  that 
alumina  forms  fusible  compounds  with  silica.  In  such  cases, 
therefore,  alumina  can  be  employed  to  make  the  glaze  more 
refractory  and  check  its  tendency  to  run. 

Just  as  in  silica  and  alumina  we  have  means  available  for 
raising  the  fusing  point  of  glazes,  so  also  in  boric  acid  we  have 
a  means  of  reducing  that  fusing  point.  It  may  be  remarked 
here,  that  silica  and  boric  acid  are  mutually  replaceable ;  con¬ 
sequently,  when  a  portion  of  silica  is  replaced  by  boric  acid, 
this  must  be  done  in  such  a  manner  that  the  total  amount  of 
acid  remains  unaltered. 

From  the  foregoing  remarks  a  series  of  prescriptions  can  be 
laid  down  for  correcting  the  fusing  point  of  a  glaze. 

The  fusing  point  of  a  glaze  is  raised — 

1.  By  increasing  the  proportion  of  silica  in  the  mixture,  with¬ 
out  changing  that  of  the  bases; 

2.  By  replacing  a  portion  of  the  boric  acid  by  silica,  in  the 
case  of  glazes  containing  both  these  substances  ; 

3.  In  glazes  containing  lead  oxide,  by  replacing  a  certain 
part  of  the  lead  oxide  by  equivalent  quantities  of  potash,  soda, 
lime  or  magnesia,  leaving  the  other  constituents  unchanged ; 

4.  By  replacing  potash-soda  by  potash  or  soda  alone,  or 
taking  lime  or  magnesia  alone  in  place  of  lime-magnesia, 
without  altering  the  acid  content ; 

5.  By  introducing  alumina  into  the  composition,  when  the 
glaze  is  intended  to  fuse  at  a  high  temperature  only. 

When  a  too  refractory  glaze  is  to  have  its  fusing  point 
lowered,  the  precisely  opposite  course  must  be  pursued  in 
each  case. 


THE  CONSTITUTION  OF  DEFECTIVE  GLAZES. 

Sometimes  it  happens  that  glazed  ware  preserves  its  original 
fine  appearance  for  a  considerable  time,  but  afterwards  alters 
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in  such  a  way  as  to  clearly  indicate  defective  constitution. 
To  guard  against  the  very  unpleasant  consequences  that  may 
ensue  from  sending  out  large  quantities  of  such  defective  ware, 
it  is  essential  to  subject  the  glaze,  or  glazed  test  objects,  to  a 
series  of  tests,  which  they  must  pass  before  the  glaze  can  be 
regarded  as  properly  compounded.  These  tests  will  be  de¬ 
scribed  later  on. 

A  glaze  is  properly  compounded  when  it  will  stand  con¬ 
siderable  fluctuations  of  temperature  without  undergoing  altera¬ 
tion.  A  glazed  piece  of  earthenware,  e.rj.  a  pot  glazed  inside 
and  out,  consists  of  three  strata :  the  two  external  thinner 
layers  being  composed  of  glaze,  whilst  the  third  and  thicker 
one  is  the  body  or  shard  of  clay.  It  is  essential  that,  when 
the  vessel  is  exposed  to  a  heightened  temperature,  the  glaze  and 
body  should  exhibit  exactly  the  same  coefficient  of  expansion, 
so  that  in  proportion  as  the  shard  expands,  the  glaze  will 
follow  suit,  the  two  contracting  equally  on  re-cooling,  and 
the  appearance  of  the  vessel  consequently  remaining 
unaltered. 

If  the  glaze,  however,  possesses  a  different  coefficient  of 
expansion  from  that  of  the  body  of  the  ware,  then,  as  the 
temperature  changes,  a  strain  will  be  set  up  between  the  two 
substances,  which  strain  may  proceed  so  far  as  to  overcome 
their  mutual  cohesion,  and  either  loosen  or  separate  them 
entirely. 

In  addition  to  these  purely  physical  evils,  others  may  arise 
that  originate  in  the  chemical  composition  of  the  glaze.  We 
will  deal  first  with  the  physical  alterations,  which  manifest 
themselves  by  the  following  phenomena  : — 

The  glaze  cracks  (“crazes”)  all  over,  the  surface  exhibiting 
a  complete  network  of  lines  as  fine  as  a  hair,  some  portions 
becoming  detached  and  falling  away,  probably  carrying  with 
them  small  fragments  of  the  body  of  the  ware.  In  extreme 
cases  the  untouched  pieces  have  been  known  to  burst  with  a 
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considerable  report  into  a  number  of  pieces,  scattered  to 
a  distance — probably  in  consequence  of  a  slight  change  in 
temperature.  In  many  cases  the  glaze  is  found  to  be  cracked 
only  at  the  edges,  but  these  cracks  will  gradually  extend  over 
the  whole  surface. 

When  the  coefficient  of  expansion  of  the  glaze  is  higher 
than  that  of  the  body  of  the  ware,  it  will  expand  more 
rapidly  than  the  latter  on  heating;  and  since  the  latter,  on 
account  of  its  greater  thickness  and  the  low  heat-conducting 
properties  of  the  clay,  cools  more  slowly  than  the  glaze,  this 
in  turn  contracts  the  more  rapidly  of  the  two,  with  the  result 
that  its  cohesion  is  destroyed,  and  it  breaks  into  a  number  of 
innumerable  small  fragments,  bounded  by  hair  cracks.  The 
latter  eventually  get  filled  with  dust  and  show  up  more  and 
more  clearly  as  dark  coloured  lines. 

These  cracks  are  frequently  observed  on  old  Chinese  porce¬ 
lain,  the  pieces  then  being  classed  as  “vieux  craquete.”  At 
one  time  this  class  of  ware  had  a  certain  vogue  among  col¬ 
lectors,  and  numerous  imitations  were  produced ;  as  a  matter 
of  fact,  the  frequent  appearance  of  crazing  on  old  Chinese  ware 
is  merely  a  proof  that  the  old  makers  used  glazes  of  defective 
composition. 

When  the  conditions  are  such  that  the  coefficient  of  expansion 
of  the  body  of  the  ware  is  greater  than  that  of  the  glaze,  the 
latter  will  tear  at  the  edges,  or  spring  off  in  parts ;  and  in 
extreme  cases  the  whole  piece  bursts  with  violence. 

Apart  from  the  foregoing  defects,  arising  from  unequal 
coefficients  of  expansion,  there  are  others  which  are  attribut¬ 
able  to  the  chemical  character  of  the  glaze. 

hen  the  materials  used  are  not  chemically  pure,  the  mass 
contains  impurities,  some  of  which,  like  the  sulphates  and 
chlorine  compounds,  may  be  a  source  of  considerable  difficulty. 
At  a  very  high  temperature,  the  sulphates  are  decomposed  by 
silica,  though  not  at  the  temperature  of  the  glost  kiln;  and 
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the  chlorides  are  decomposed  by  considerable  heat,  but  only 
when  water  vapour  is  present. 

In  presence  of  a  very  small  quantity  of  sulphates,  the  glaze 
becomes  coated  with  a  misty  film,  which  reappears  when  wiped 
off ;  and  when  the  proportion  of  sulphates  is  large,  the  glaze  is 
dull  and  void  of  lustre,  or  exhibits  a  number  of  wrinkles  and 
hubbies.  These  latter  are  formed  in  consequence  of  the 
partial  transformation  of  the  sulphates  into  acid  salts,  which 
at  higher  temperatures  part  with  the  surplus  sulphur  trioxide, 
and  this  blows  out  the  soft  glaze  in  the  form  of  tenuous 
bubbles.  On  the  surface  being  wiped  over  with  a  cloth,  these 
very  thin  bubbles  are  broken,  leaving  the  surface  rough  to  the 
touch.  Dust  gradually  accumulates  in  the  cavities,  and  forms 
dark  specks.  Defective  glaze  of  this  kind  is  sometimes  known 
as  “measly.” 

The  so-called  drying  of  the  glaze  on  the  edges  of  plates  is 
due  to  the  presence  of  sulphates  in  the  glaze.  The  liquid 
portion  of  the  glaze  is  less  readily  absorbed  at  the  thin  edges, 
and  the  soluble  sulphates  migrate  to  these  parts,  and  finally 
crystallise  there.  When  the  glaze  is  fired,  the  edges  become 
covered  with  dull  patches  and  bubbles. 

This  effect  of  sulphates  may  appear  remarkable,  because  a 
sulphate,  i.e.  gypsum,  is  largely  used  in  the  preparation  of 
many  porcelain  glazes.  It  should,  however,  be  remembered 
that  the  porcelain  kiln  frequently  contains  a  reducing  atmo¬ 
sphere,  which  decomposes  the  calcium  sulphate,  liberating 
the  volatile  sulphur  dioxide,  whilst  the  lime  enters  into  com¬ 
bination  with  silica. 

In  the  event  of  glazed  ware  exhibiting  any  of»the  aforesaid 
peculiarities,  the  maker  must  chiefly  endeavour  to  prevent  their 
recurrence,  since  otherwise  his  output  would  consist  almost 
entirely  of  “  wasters.”  Two  ways  are  open :  either  by 
modifying  the  composition  of  the  body  so  that  it  will  have 
the  same  coefficient  of  expansion  as  the  glaze,  or  else  by 
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adapting  the  composition  of  the  glaze  to  the  character  of  the 
body. 

In  the  former  case  the  composition  of  the  body  can  he 
modified  only  when  the  latter  is  compounded  of  several 
substances,  as  happens  with  all  fine  earthenware.  This  is 
out  of  the  question  with  inferior  ware,  since  in  this  case  the 
usual  practice  is  to  merely  prepare  the  available  clay  in  a 
suitable  manner  so  that  it  will  furnish  a  plastic  mass;  and 
in  these  circumstances  a  remedy  must  be  sought  by  modifying 
the  composition  of  the  glaze  in  order  to  make  its  coefficient  of 
expansion  agree  with  that  of  the  body. 

In  connection  with  modifying  the  composition  of  the  body, 
certain  general  rules  can  be  established.  When  the  glaze  is 
found  to  craze,  a  trial  can  be  made  on  the  following  lines :  — 

The  proportion  of  clay  in  the  body  is  reduced  and  the 
amount  of  silica  concurrently  increased.  If  China  clay  be 
used,  a  portion  of  this  may  be  replaced  by  a  highly  plastic 
clay.  In  the  case  of  bodies  containing  felspar,  the  proportion 
of  this  substance  should  be  diminished,  or  else  the  silica  present 
should  be  more  finely  ground  than  before. 

Sometimes — though  rarely — crazing  can  be  prevented  by 
firing  the  unglazed  ware  at  a  higher  temperature. 

When  the  defect  shows  itself  in  the  form  of  cracked  edges 
or  partial  peeling,  the  reverse  procedure  should  be  adopted. 

When  the  composition  of  the  glaze  is  to  be  altered  to  effect 
a  remedy,  leaving  the  body  unchanged,  the  following  method 
is  recommended,  provided  the  defect  manifests  itself  in  the 
form  of  crazing. 

The  proportion  of  silica  in  the  glaze  is  increased,  thus  raising 
the  fusing  point. 

All  the  ingredients  of  the  glaze  are  left  in  their  original 
proportions,  except  the  boric  acid  which  is  increased,  with  the 
result  that  a  somewhat  lower  temperature  can  be  employed  in 
the  glost  kiln. 


Glazes  and  their  Composition 


17 

Should  the  defect  consist  in  cracked  edges  or  peeling  of  the 
glaze  in  places,  the  converse  procedure  must  be  followed. 

It  may  happen  that  despite  the  composition  of  the  body  and 
glaze  being  mutually  suitable,  no  handsome,  uniform  glaze  is 
obtained.  In  such  event  the  most  important  point  is  to  see 
that  the  body  is  perfectly  homogeneous,  since,  when  the  body 
contains  large  internal  cavities,  it  will  never  glaze  evenly,  the 
irregular  thickness  of  the  body  causing  unequal  absorption  of 
the  glaze. 

When  porous  shards  are  dipped  in  glaze,  the  air-bubbles 
imprisoned  in  the  body  of  the  former  are  expelled  and  dislodge 
the  glaze,  so  that  when  the  piece  is  fired  the  glaze  will  have  a 
pock-marked  appearance.  When  the  piece  to  be  glazed  has 
already  been  fired — which  will  generally  be  the  case  with  finer 
ware — it  must  have  been  baked  thoroughly,  or  else  the  glaze 
will  always  turn  out  uneven,  crazing  while  in  the  kiln  and 
running  together  in  places  to  form  drops,  which  then  appear  as 
warty  excrescences. 

The  glazing  of  previously  unbaked  ware  is  attended  with 
certain  difficulties,  and  is  only  successful  when  the  pieces  have 
been  dried  till  they  are  as  hard  as  leather,  and  the  glaze  is  used 
in  a  viscous  state.  The  pieces  do  not  then  get  damp  in  the 
dipping  process,  the  time  being  too  short  to  allow  any  ab¬ 
sorption  of  water  to  occur ;  they  come  out  of  the  glaze  tub 
in  a  wet  state,  but  soon  dry,  part  of  the  water  being  absorbed, 
the  rest  evaporated.  Pieces  treated  in  this  manner  must  not 
be  fired  until  thoroughly  dry. 

The  pulverulent  particles  of  glaze  will  not  adhere  firmly  to 
the  surface  of  the  ware — no  matter  Avhether  the  latter  be 
merely  air-dry  or  fired — unless  the  articles  are  perfectly  free 
from  dust.  Every  speck  of  dust  lying  on  the  ware  forms  a 
stratum  separating  the  latter  from  the  glaze;  in  the  firing 
process  the  organic  matter  of  the  dust  particles  is  destroyed, 
to  the  invariable  accompaniment  of  a  liberation  of  gas  or 
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vapour;  and,  however  slight  this  may  he,  it  is  sufficient  to 
produce  an  irregularity  in  the  glaze,  a  dark  grey  patch,  a  dull 
spot  or  a  bubble. 


THE  PRACTICAL  TESTING  OF  GLAZES. 


When  oue  has  to  work  with  a  glaze  of  different  composition 
to  that  hitherto  employed  in  the  works,  it  is  essential  to  first 
make  a  trial  with  it  on  a  small  scale,  to  preclude  the  possibility 
of  spoiling  a  whole  batch  of  ware.  For  this  purpose  a  small 
quantity  of  the  glaze  is  prepared,  taking  care,  however,  to 
weigh  out  the  ingredients  exactly  according  to  the  formula 
given.  Owing  to  the  small  quantities  employed  for  these  tests, 
several  different  glazes  can  be  tested  together. 

If  one  recipe  gives  a  glaze  that  is  too  refractory,  the  next 
one  with  a  somewhat  lower  fusing  point,  and  so  on,  a  few  trials 
will  suffice  to  furnish  a  mixture  giving  perfectly  satisfactory 
results.  Small  defects  revealed  in  the  trials  can  be  easily 
rectified  in  mixing  the  glaze  mass  in  bulk. 

The  two  chief  factors  concerned  relate  to  the  fusibility  of 
the  mass  and  to  the  behaviour  of  the  glaze  when  fired  (whether 
the  glaze  crazes,  tears  at  the  edges,  cracks  off,  etc.). 

It  is  important  that  the  ceramist  should  know  the  approximate 
temperature  at  which  his  glazes  fuse,  and  for  this  reason 
appliances  are  used  which  indicate  the  fusing  point  exactly. 

For  this  purpose  it  is  highly  convenient  to  make  use  of 
certain  metals,  the  fusing  points  of  which  have  been  definitely 
ascertained,  so  that  the  limit  of  possible  error  in  the  fusing 
point  will  not  exceed  about  20°  C.  These  metals  and  their 
fusing  points  are  given  below — 


Zinc 


Aluminium 


fuses  at  412°  C. 

^7AA° 


Silver 

Gold 


between  954°  and  986"  ,, 


Copper  . 


1045°  „  1093°  „ 
1054"  „  1097°  „ 
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Nickel  .  .  .  between  1476°  and  1715°  C. 

Palladium  .  1500°  „  1643°  „ 

Platinum  .  1757°  „  1855°  „ 

These  fusing  points,  however,  cannot  be  relied  on  unless 

the  metals  are  perfectly  pure.  The  form  in  which  the  metals 

are  used  is  that  of  a  very  thin  foil,  cut  into  triangles  measuring 
about  2  mm.  along  the  base  and  5  mm.  hiarli. 

These  trial  strips  are  placed,  for  use,  on  a  porcelain  plate 
covered  with  a  layer  of  calcined  magnesia  about  5  mm 
(4th  inch)  deep.  Several  small  cavities  are  made  in  the 
powdered  magnesia  with  a  rounded  tool,  and  in  these  depres¬ 
sions  the  strips  of  metal  are  laid.  The  whole  is  then  placed 
in  the  apparatus  in  which  the  glaze  is  to  be  fired;  and  the 
moment  the  glaze  fuses,  the  plate  is  withdrawn  from  the 
apparatus.  The  metal  strips  that  have  fused  into  small 
globules  will  give  the  fusing  temperature  of  the  glaze;  and 
if  one  of  the  strips  has  just  begun  to  melt  at  the  tip,  this 
will  imply  that  the  temperature  in  the  furnace  had  already 
nearly  attained  the  fusing  point  of  that  particular  metal. 

Por  the  fusibility  test  the  glazes  are  made  up  into  small 
cones  20  mm.  high  and  10  mm.  across  the  base,  by  mixing  the 
glaze  powder  with  sufficient  thin  gum  water  to  make  a  plastic 
mass.  This  mass  is  pressed  into  a  divided  hollow  metal 
mould,  which  is  then  taken  apart,  and  the  cone  removed  and 
dried  slowly. 

A  number  of  these  cones  are  placed  on  a  plate  made  of 
the  same  body  as  that  of  the  ware  on  which  the  glaze  is  to 
he  used;  and  a  number  of  other  cones,  coated  with  a  little 
gum  water  on  the  base,  are  placed  on  a  second  plate  of  the 
same  size.  The  first  plate  is  laid  horizontally  in  the  furnace, 
the  second  being  inclined  so  that  the  fusing  cones  may  run 
down  in  narrow  streaks  over  the  surface. 

After  firing,  the  cones  are  examined,  whereupon  it  will  be 
found  that  the  most  refractory  will  have  merely  collapsed  or 
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sintered,  whilst  the  more  fusible  ones  will  have  melted  to  a 
circular  disc  on  the  horizontal  plate,  the  centre  of  the  disc 
being  thicker  than  the  edges. 

On  the  inclined  plate  the  least  fusible  cones  will  have 
retained  their  shape  more  or  less  completely ;  whilst  the  more 
fusible  ones  will  have  curled  over  at  the  tips.  The  length 
and  breadth  of  the  streak  formed  by  the  flowing  mass  will 
also  afford  indications  of  its  behaviour  in  firing. 

Another  test  performed  at  the  same  time  as  that  with  the 
cones  is  by  applying  the  glaze,  by  dipping,  to  the  surface 
of  plates  4  in.  square,  and  therefore  having  an  area 
of  16  sq.  in.  The  behaviour  of  the  cone  gives  the 
fusibility  of  the  glaze,  and  that  of  the  glazed  plates  shows 
whether  it  has  any  tendency  to  craze  or  exhibit  other 
defects. 

With  this  object  the  plates  are  subjected  to  repeated  rapid 
fluctuations  of  temperature,  by  immersing  them  in  boiling 
water  until  they  can  be  assumed  to  have  acquired  that 
temperature,  whereupon  they  are  plunged  into  cold  water. 
The  glaze  should  not  show  any  signs  of  alteration  after  repeated 
subjection  to  this  test:  it  must  not  craze,  tear  at  the  edges, 
or  spring  off.  In  the  case  of  ware  intended  to  stand  even 
higher  temperatures  —  chemical  apparatus  such  as  crucibles, 
basins,  and  the  like — the  test  must  be  more  severe.  Glaze 
for  this  kind  of  vessels  must  be  rapidly  heated  to  redness 
and  quickly  cooled  in  the  air,  and  stand  this  test  without 
alteration.  It  should  be  remarked  that  the  glaze  for  these 
articles  is  applied  very  thin,  in  order  to  enable  the  body  and 
glaze  to  expand  and  contract  together  more  uniformly. 

In  testing  glaze  for  earthenware  cooking  utensils,  it  is 
important  that  the  mass  should  be  of  such  a  natuie  that  it 
is  not  corroded  by  acids,  and  is  free  from  poisonous  metals, 
lead  in  particular,  that  might  find  their  way  into  the  food. 
These  glazes  are  tested  by  dipping  the  glazed  test  plates  in 
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a  glass  or  porcelain  vessel  charged  with  vinegar  containing 
not  less  than  4  per  cent,  of  acetic  acid,  and  boiling  them 
therein  for  half  an  hour.  The  glaze  should  emerge  from  this 
treatment  unchanged,  and  not  have  ceded  any  soluble  metallic 
compounds  to  the  vinegar. 

Glazed  earthenware  has  latterly  come  into  vogue  for  decorative 
purposes  in  building.  Such  ware  must  therefore  be  able  to 
stand  the  influence  of  weather,  changes  of  temperature,  and 
the  action  of  air  and  water.  Glazes  which  will  pass  the 
foregoing  tests  may  be  considered  capable  of  retaining  their 
appearance  out  of  doors.  The  chief  point,  however,  is  resist¬ 
ance  to  the  air. 

The  air,  as  is  well  known,  contains  certain  minute  quantities 
of  carbon  dioxide  (carbonic  acid)  and  ammonia,  which  sub¬ 
stances,  in  conjunction  with  water,  act  on  glaze,  and  in  course 
of  time  spoil  its  appearance,  the  lustre  being  chiefly  affected. 

Glazes  that  are  not  weatherproof  exhibit  the  same  phenomena 
as  can  be  seen  in  the  case  of  imperfectly  compounded  glass, 
i.e.  losing  their  lustre  when  exposed  to  air  containing  carbon 
dioxide  and  ammonia  (the  windows  of  cow-houses,  for  example), 
becoming  coated  with  a  whitish  film,  and  finally  iridescent 
and  opaque.  The  action  of  the  carbon  dioxide  and  ammonia 
decomposes  the  superficial  portion  of  the  glass  and  produces 
devitrification. 

The  same  kind  of  thing  is  observed  with  glazed  articles 
exposed  to  the  air.  Since,  however,  it  may  be  some  years  before 
the  gloss  is  weakened  and  iridescence  appears  with  a  glaze 
that  is  of  comparatively  good  composition,  it  is  advisable  to 
employ  a  test  which  will  reveal  this  tendency  in  a  very  short 
time  if  it  exist  at  all. 

For  this  purpose  a  porcelain  basin  containing  concentrated 
hydrochloric  acid  is  set  on  a  plate  of  porcelain,  and  above 
this  basin  are  placed  the  plates  with  the  glaze  to  be  tested — 
glazed  side  up, — the  whole  being  covered  with  a  bell  glass. 
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The  hydrochloric  acid  vapours  liberated  from  the  basin  act 
powerfully  on  the  glaze,  and  unless  the  latter  possesses  high 
powers  of  resistance,  it  will  become  dull,  as  though  breathed 
on,  within  a  few  days.  Iridescence  makes  its  appearance 
later,  but  soon  vanishes,  leaving  the  surface  dull  once  more. 
On  bringing  the  plate  into  the  air,  the  surface  of  the  glaze 
will  be  found  covered  with  a  very  delicate  white  dust,  con¬ 
sisting  of  silica  deposited  by  the  decomposition  of  the  glaze. 
When  glazes  fail  to  stand  this  test,  they  cannot  be  considered 
weatherproof,  as,  after  exposure  to  the  outside  air  for  a  few 
years,  they  would  suffer  the  same  changes  as  those  set  up  by 
the  action  of  hydrochloric  acid  for  a  brief  period. 


CHAPTER  III. 


Glaze  Materials. 

IT  has  already  been  mentioned  that,  from  the  point  of  view  of 
their  chemical  composition,  glazes  must  be  classed  as  glasses. 
The  only  difference  between  them  and  ordinary  glasses  is,  that 
their  coefficient  of  expansion  must  accommodate  itself  as  closely 
as  possible  to  that  of  the  ware  on  which  they  are  to  be  fired. 

Chemically  speaking,  all  glasses  are  double  silicates,  i.e.  they 
contain,  in  addition  to  silica,  at  least  two  metallic  oxides,  one  of 
which  corresponds  to  the  formula  RO,  whilst  the  other  is  an 
oxide  of  the  composition  R2Os.  Hence  the  following  may  be 
regarded  as  a  typical  formula  for  glazes : — 
x  :  RO  ;  y  :  R203 ;  z  :  Si02. 

The  values  of  x,  i,  and  z  correspond  to  the  number  of 
equivalents  of  the  several  oxides  present  in  the  compounds. 

The  constituents  of  glaze  may  be  classified  to  a  certain 
extent  by  dividing  them  into  glaze-forming  and  glaze-colouring 
matters.  The  former  category  comprises  the  substances  forming 
perfectly  colourless  masses.  The  second  or  colouring  substances 
are  only  present  in  small  quantity,  and  serve  the  purpose  of 
imparting  a  certain  colour  to  the  mass.  Most  of  the  glazc- 
colouring  matters  may  be  regarded  as  in  a  state  of  solution 
in  the  fused  silicates,  and  as  also  taking  part  in  the  silicate 
combination.  Certain  of  the  pigmentary  constituents  do  not 
dissolve  in  the  glaze  mass,  but  remain  disseminated  in  a  very 
finely  divided  state,  in  about  the  same  way  as  a  powder 

insoluble  in  water  may  be  held  in  suspension  therein. 
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The  basic  constituent  representing  the  formula  RO  may 
consist  of— potash,  soda,  lime,  magnesia,  lead  oxide,  and 
sometimes  baryta  ;  whilst  of  the  oxides  having  the  composition 
RA,  alumina  is  the  only  one  coming  under  consideration  in 
the  preparation  of  colourless  glazes.  Silica,  which  may  occasion¬ 
ally  be  replaced  by  a  certain  quantity  of  borax,  is  used  either 
in  the  form  of  pure  quartz  sand  or  ground  quartz,  or  is 
employed  in  the  state  of  a  natural  silicate,  such  as  white  clay 
or  felspar. 

The  pigmentary  oxides  include  the  oxides  of  several  of 
the  heavy  metals,  principally  iron,  manganese,  nickel,  cobalt, 
and  copper.  These  oxides  are  completely  soluble  in  the  fused 
colourless  glaze,  and  impart  thereto  certain  characteristic  colours 
which  can  be  shaded  in  various  ways  by  using  two  oxides  of 
different  colours.  Tin  oxide,  antimony  oxide,  and  chromic 
oxide,  which  are  also  used  as  colouring  constituents  of  glaze, 
do  not  dissolve,  but  remain  in  suspension  in  a  very  finely 
divided  state. 

Whereas,  for  the  sake  of  securing  purity  of  colour,  the 
pigmentary  oxides  must  be  used  in  a  very  pure  state,  the 
materials  for  the  colourless  glaze  must  be  employed  in  the 
form  in  which  they  are  met  with  in  commerce,  and  therefore 
perfect  purity  cannot  be  counted  upon.  It  may  be  remarked 
here  that  it  is  unnecessary  that  potash,  for  example,  should 
consist  of  pure  potassium  carbonate,  a  sample  containing  only 
90  per  cent,  of  the  pure  salt  being  quite  suitable.  It  must, 
however,  be  free  from  any  metals  capable  of  colouring  the 
glaze,  the  production  of  a  perfectly  colourless  glaze  being 
otherwise  impossible. 

The  same  naturally  applies  to  all  the  other  ingredients  used 
for  making  colourless  glazes.  When  a  sufficiently  pure  raw 
material  is  unobtainable,  there  is  no  other  course  open  than  to 
subject  it  to  a  special  treatment  in  order  to  eliminate  the 
colouring  substances.  Iron  compounds  being  so  very  wide- 


Glaze  Materials 


25 


spread  in  nature  and  capable,  when  present  even  in  minute 
quantities,  of  imparting  a  yellow  tinge  to  glaze,  these  are  the 
substances  chiefly  to  be  borne  in  mind  as  necessary  to  eliminate 
from  the  raw  materials  before  the  latter  can  be  used  for  making 
colourless  glazes. 

The  silica  for  glazes  is  most  frequently  used,  as  already 
mentioned,  in  the  form  of  quartz  sand  or  powdered  quartz. 
The  great  hardness  of  this  substance  makes  its  reduction  to 
powder  a  matter  of  great  difficulty,  but  the  operation  may  be 
facilitated  by  heating  the  fragments  of  quartz  to  redness  and 
then  throwing  them  into  cold  water,  the  rapid  cooling 
rendering  the  quartz  extremely  brittle,  and  consequently  easy 
to  convert  into  powder. 

However,  before  quartz  or  sand  is  used  for  making  glaze 
it  must  be  tested  for  the  presence  of  iron.  With  this  object  a 
small  quantity  of  the  powder  is  extracted  by  boiling  with 
hydrochloric  acid,  and  the  liquid  is  tested  for  ferric  oxide.  If 
the  latter  be  found  and  no  iron-free  quartz  is  obtainable,  there 
is  no  alternative  but  to  perform  the  operation  known  in  the 
trade  as  “bleaching.”  This  consists  in  treating  the  finely 
powdered  quartz  in  a  vat  with  a  mixture  of  1  volume  of 
concentrated  hydrochloric  acid  and  9  volumes  of  water,  leaving 
them  in  contact  for  several  weeks.  The  iron  oxide  dissolves  in 
the  hydrochloric  acid,  and  after  drawing  off  the  solution,  the 
residual  quartz  is  freed  from  acid  by  washing  with  water. 

Even  with  this  treatment,  however,  it  is  impossible  to 
extract  the  whole  of  the  iron,  and  glazes  made  with  such 
quartz  are  never  perfectly  white,  but  always  exhibit  a  yellow 
tinge  when  viewed  on  a  white  background.  Nevertheless,  they 
may  be  made  to  appear  perfectly  white  by  an  artifice  that  is  of 
great  value  in  the  manufacture  of  glazes. 

Ferric  oxide  colours  the  glaze  yellow,  whilst  cobalt  oxide 
imparts  a  blue  tinge,  so  that  by  treating  a  yellow-tinted  glaze 
with  a  corresponding  quantity  of  cobalt  oxide,  a  colourless  glaze 
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is  obtained,  the  two  colours,  blue  and  yellow,  being  comple¬ 
mentary  and  producing  white  when  mixed  in  the  right 
proportions. 

Silica  is  also  used  in  the  form  of  minerals,  very  often  in  the 
state  of  white  clay  (aluminium  silicate)  or  felspar  (potassium 
(sodium) — aluminium  silicate).  Since  the  presence  of  iron  in 
these  minerals  also  would  preclude  the  formation  of  a  colourless 
glaze,  they  must  be  freed  from  iron  before  use. 

Boric  acid  can  be  used  in  partial  substitution  of  silica,  since 
it  forms  with  lime,  magnesia  and  lead  oxide,  insoluble  vitreous 
compounds  that  are,  however,  more  fusible  than  the  silicates. 
The  sodium  salt,  borax,  may  be  used  instead  of  the  pure  acid, 
but  as  it  contains  a  considerable  amount  of  water,  it  must  be 
dehydrated  and  fused  by  strongly  heating  it  before  use  as  a 
constituent  of  glaze.  The  anhydrous  borax  then  appears  as 
a  hard,  colourless  mass  of  vitreous  appearance. 

Potash  is  used  in  the  form  of  potassium  carbonate,  or  as  nitrate 
(saltpetre),  which  latter  is  readily  obtainable  free  from  iron, 
whereas  the  carbonate  may  contain  iron  and  manganese  oxides, 
capable  of  producing  colour,  and  must  therefore  be  tested  for 
these  impurities  before  use.  Manganese  oxide  imparts  a 
bluish  tinge  to  the  glaze,  but  this  can  be  compensated,  when 
present,  by  the  addition  of  a  very  small  quantity  of  ferric 
oxide. 

Soda  may  be  used  in  various  forms  as  an  ingredient  of  glazes. 
The  carbonate  is  most  frequently  employed,  preferably  in  the 
form  known  as  “  enamel  soda,”  which  is  distinguished  by  its 
entire  freedom  from  iron  compounds.  For  glazes  in  which 
a  portion  of  the  silica  is  replaced  by  boric  acid,  ordinary  borax 
may  be  employed  as  the  source  of  soda.  Sodium  chloride 
(common  salt)  may  also  be  employed,  but  sodium  nitrate  is 
rarely  used. 

Lime  is  employed  in  the  form  of  non-ferruginous  limestone, 
e.g.  various  kinds  of  marble,  dense  limestone,  or  chalk. 
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Magnesia  is  used  exclusively  in  the  form  of  the  mineral 
magnesite. 

Barytes  come  into  use  in  two  forms :  the  mineral  witherite 
(barium  carbonate),  and  heavy  spar  (barium  sulphate). 

Lead  oxide,  which  is  of  special  importance  in  making  glazes, 
may  be  derived  from  several  sources.  For  common  glazes, 
native  galena  (lead  sulphide)  is  often  used ;  but  for  finer 
qualities  preference  is  given  to  litharge,  red  lead  or  white 
lead  (carbonate).  The  latter  being  obtainable  in  a  very  pure 
state  in  commerce,  is  used  almost  exclusively  for  the  finest 
glazes. 

Apart  from  the  foregoing  chemical  products,  a  number  of 
minerals  are  used  in  practice  as  glaze-forming  materials,  chief 
among  them  being  the  following.  Preference  is  generally  given 
to  minerals  that  can  he  obtained  of  uniform  character  in  all  cases. 

Kaolin  or  porcelain  earth  is  a  mineral  with  the  composition, 
A1203,  2Si02,  2H20,  and  therefore  always  introduces  the  two 
constituents,  silica  and  alumina,  simultaneously  into  the  glaze, 
a  fact  that  must  be  remembered  in  compounding  glazes. 

Felspar  is  an  important  -mineral  in  the  preparation  of  many 
glazes.  A  large  number  of  varieties  of  this  mineral  are  known, 
and  the  composition  of  the  one  in  use  must  therefore  be 
ascertained,  in  order  that  the  glaze  may  have  the  desired 
properties.  There  are  two  chief  kinds  of  felspar :  potash 
felspar  and  soda  felspar,  the  former  having  the  composition, 
K20,  A1203,  6SiO.„  whilst  in  the  latter  a  larger  or  smaller 
proportion  of  the  potassium  is  replaced  by  sodium.  In  virtue 
of  their  composition,  these  minerals  introduce  silica,  alumina, 
and  potash  or  soda  (sometimes  both)  into  the  glaze. 

Borocalcite,  sodium-borocalcite  are  minerals  used  in  making 
glazes,  the  former  consisting  of  lime  and  boric  acid,  the  latter 
of  lime,  soda,  and  boric  acid. 

For  many  glazes,  both  fine  and  common,  use  is  also  made  of 
ground  shards  that  have  been  thrown  out  as  wasters  ajid  unfit 
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for  sale.  Porcelain  meal  is  often  used  as  an  adjunct  to  the 
finest  glazes;  stoneware  meal  for  second  qualities,  and  brick- 
dust  for  common  coloured  grades.  Apart  from  adding  to  the 
quantity,  these  substances  are  chiefly  used  to  reduce  the  shrink¬ 
age  of  the  glaze  on  the  ware. 

If  the  pigmentary  metallic  oxides  be  added  to  the  list  of 
glaze  constituents,  the  range  of  materials  collaborating  in  the 
formation  of  glazes  becomes  a  very  wide  one. 

Hence,  in  order  to  obtain  properly  constituted  glazes  for  any 
given  ceramic  ware,  the  glaze  manufacturer  must  carry  on  a 
series  of  exhaustive  investigations  and  experiments  in  the 
laboratory.  No  invariable  rules  can  be  laid  down  in  this 
case,  the  character  of  the  clay  being  different  in  each  pottery, 
so  that  a  glaze  which  gives  excellent  results  in  one  case  will 
turn  out  quite  useless  in  another. 

Of  course,  any  glaze  can  be  imitated;  but  the  requisite 
method  is  troublesome  and  tedious.  The  first  step  is  to 
subject  the  pattern  glaze  to  an  exact  quantitative  analysis, 
the  results  of  which  will  furnish  a  guide  to  the  relative  pro¬ 
portions  of  silica  and  oxides  of  the  composition  RO  and  R203. 
The  composition  of  the  available  minerals  being  known,  the 
corresponding  quantities  of  the  individual  constituents  can  be 
calculated  so  as  to  furnish  a  product  of  the  same  composition  as 
the  pattern. 

It  will  next  have  to  be  ascertained  by  experiment,  whether 
this  glaze  is  suitable  to  the  ware  to  which  it  is  to  be  applied, 
since  the  firing  test  may  reveal  the  defects  to  which  reference 
has  already  been  made.  In  such  event,  the  composition  of  the 
glaze  must  be  altered  accordingly,  so  that,  eventually,  a  glaze 
suitable  to  the  conditions  prevailing  in  the  works  may  be 
produced. 

The  foregoing  operations  are  so  tedious  that  they  would  occupy 
a  chemist  for  a  very  considerable  time,  and  they  are  therefore 
seldom  carried  out  in  practice,  the  usual  plan  being  to  make 
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practical  experiments  from  the  outset,  utilising  at  the  same 
time  the  data  furnished  by  analytical  chemistry  as  to  the 
composition  of  glazes  of  different  properties.  In  this  con¬ 
nection,  schemes  have  been  drawn  up,  on  the  basis  of  numerous 
analyses,  whereby  a  favourable  result  may  be  reliably  expected 
after  a  few  trials.  These  schemes,  as  established  for  various 
glazes,  are  given  below,  the  quantities  indicated  in  all  cases 
referring  to  equivalents  or  multiples  or  fractions  of 
equivalents. 

Felspar  and  kaolin  being  very  often  used  in  making  glazes, 
it  is  important  to  bear  their  composition  in  mind  when 
calculating  formulae.  The  general  composition  of  felspar  is 
represented  by  the  symbol  lv20,  A1203,  6Si02,  whilst  pure 
kaolin  has  the  formula  :  A1203,  2Si02,  2H20. 

The  glazes  used  for  the  different  kinds  of  earthenware  differ 
in  composition  just  as  widely  as  the  body  of  the  ware.  Whilst 
readily  fusible  glazes  of  relatively  low  hardness  and  resistance 
to  chemical  agencies  will  do  for  ordinary  pottery,  the  glazes  for 
the  finer  grades  (porcelain)  must  have  a  very  high  fusing  point, 
extreme  hardness,  and  a  power  of  resistance  to  chemicals  that 
is  possessed  only  by  the  very  best  glazes. 

Between  these  two  extremes  of  the  ceramic  scale,  common 
pottery  and  porcelain,  are  a  number  of  intermediate  stages, 
such  as  faience,  stoneware,  etc.,  of  various  qualities.  The  finer 
the  ware,  the  finer,  i.e.  more  refractory  and  resistant,  must  be 
the  glaze,  this  body  determining  the  appearance  and  value  of 
the  whole  article. 

In  the  subjoined  formulae,  RO  expresses  either  potash,  soda, 
lime,  magnesia,  lead  oxide,  or  baryta.  A1203  is  the  alumina, 
and  can,  in  the  case  of  coloured  glazes,  be  partly  replaced  by 
the  similarly  constituted  ferric  oxide  (Fe203),  manganese  oxide 
(Mn203),  or  chromic  oxide  (Cr203).  Similarly,  a  portion  of 
the  silica  (Si02)  can  be  replaced  by  boric  acid,  either  in  the 
free  state  or  in  combination  as  borax. 
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COMPOSITION  OP  GLAZES  FOR  ORDINARY  POTTERY. 

(Utensils  up  to  Faience  of  Good  Quality.) 

For  this  purpose,  the  most  readily  fusible  glazes  are  used, 
generally  rich  in  lead  oxide,  the  limits  of  the  formulae  being — 
RO  :  l*5Si02,  up  to  RO  :  3Si02. 

COMPOSITION  OP  GLAZES  FOR  HARDER  WARE. 

(English  and  German  Stoneware.) 

Formulae — RO  :  0‘5  A1203  :  2’5Si02  up  to  RO  :  0‘4Al.,O3 : 
4-5Si02. 

COMPOSITION  OP  GLAZES  FOR  PORCELAIN. 

These  are  the  hardest  and  most  refractory  of  all,  the  limits 
of  the  formulae  being — 

RO,  0'5Al2O3,  5Si02  up  to  RO,  1’25A1203,  12Si02. 

Note. — The  substances,  such  as  tin  oxide,  etc.,  that  are  used 
solely  for  rendering  glazes  opaque,  are  not  mentioned  in  the 
above  formulae,  since  they  do  not  play  any  part  in  the  chemical 
composition  of  the  mass,  but  are  merely  incorporated  therewith 
in  a  finely  divided  state  in  order  to  render  the  same  opaque,  or 
colour  it  white. 


CHAPTER  IV. 


The  Preparation  op  Glazes. 


BSERVATION  having  shown  that  even  low  grade  pottery 


VA  acquires  an  improved  appearance  when  coated  with  a 
uniform,  lustrous  glaze,  the  primitive  methods  formerly  used 
in  preparing  ordinary  glazes  have  gradually  been  abandoned  in 
favour  of  those  calculated  to  furnish  a  uniform  product,  which 
will  give  a  perfect  and  even  coating  when  fired  on  the  ware. 

The  operations  to  be  performed  in  preparing  glazes  on  a 
manufacturing  scale  are  generally  as  follows  : — 

1.  Testing  the  purity  of  the  raw  materials  employed. 

2.  Converting  these  materials  into  fine  meal. 

3.  Mixing  the  various  ingredients  in  the  suitable  proportions. 

4.  Fusing  the  mass. 

5.  Grinding  the  fused  product. 

The  first  point  may  he  omitted,  in  the  case  of  low  class 
glazes,  as  of  little  importance.  Most  of  these  glazes  are 
coloured,  and  it  really  does  not  matter  if  the  sand,  for  instance, 
contains  so  much  ferric  oxide  that  a  yellow  to  reddish-brown 
colour  is  imparted  to  the  glaze.  The  case  is,  however,  different 
when  dealing  with  glazes  intended  for  finer  ware,  the  com¬ 
plete  absence  of  colour  being  then  essential,  whether  the 
glaze  is  to  he  used  in  that  state  or  designedly  coloured.  In  the 
latter  event  the  presence  of  a  ferric  oxide  coloration  in  the 
glaze  would  seriously  allect  the  beauty  of  the  colour  in  most 
instances. 
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TESTING  THE  PURITY  OF  THE  RAW  MATERIALS. 

It  has  already  been  mentioned,  more  than  once,  that  iron 
compounds  are  so  widespread  in  nature  that  this  metal, 
especially  in  the  form  of  ferric  oxide,  is  found  in  nearly  all  the 
mineral  substances  used  in  the  production  of  glazes.  Owing 
to  the  yellow  tinge  imparted  to  glaze  by  this  oxide,  even  when 
present  in  minute  quantities,  it  must  be  eliminated  in  the 
preparation  of  all  glazes  used  for  fine  ware. 

The  method  of  removing  iron  from  ferruginous  sand  by 
boiling  it  with  hydrochloric  acid  has  already  been  detailed  ; 
and  also  the  fact  that  the  colour  produced  by  very  minute 
quantities  of  iron  oxide  can  be  masked  by  adding  a  certain 
proportion  of  cobalt  oxide  to  the  glaze,  the  amount  taken  being 
large  enough  to  compensate  the  yellow  ferric  oxide  stain  by  the 
blue  colour  set  up  by  the  cobalt  oxide,  thus  making  the  glaze 
appear  colourless. 

When  lime  is  used  in  the  glaze,  it  must  be  carefully 
examined  for  the  presence  of  iron,  highly  ferruginous  lime 
being  entirely  unsuitable  for  fine  glazes.  In  such  cases, 
however,  the  lime  contained  in  white  marble  is  advisable ; 
and  the  white  marble  cuttings  or  chippings  from  sculptors’ 
studios  can  be  advantageously  utilised  for  this  purpose. 

The  potassium  and  sodium  salts  are  very  important  constituents 
of  fine  glazes.  At  present  it  is  easy  to  obtain  potash  that  is 
almost  entirely  free  from  iron,  or  failing  this,  use  can  be  made 
of  potassium  nitrate,  which  occurs  in  commerce  perfectly  pure 
in  this  respect.  The  sodium  compound  most  frequently  used 
by  glaze  manufacturers  is  the  carbonate,  which  is  now  also 
obtainable  perfectly  free  from  iron. 

If  white  marble  chippings  are  not  available,  the  best  source 
of  non-ferruginous  lime  is  chalk,  which  consists  of  the 
calcareous  envelopes  of  microscopic  marine  animals,  and  is 
perfectly  free  from  compounds  of  iron. 
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Lead  oxide  is  also  an  important  ingredient  in  many  glazes, 
especially  those  desired  to  have  a  low  fusing  point.  In  the 
case  of  glazes  for  common  ware,  in  which  the  colour  of  the 
glaze  is  immaterial,  lead  is  often  used  in  the  form  of  the 
mineral  galena  (lead  sulphide).  For  colourless  glazes,  however, 
artificial  preparations  of  lead  must  always  he  employed,  such  as 
ordinary  lead  oxide  or  litharge,  the  peroxide  (red  lead),  and 
finally  white  lead  (carbonate). 

Commercial  litharge,  when  sufficiently  pure,  forms  a  very 
good  material  for  lead  glazes,  hut  the  majority  of  the  com¬ 
mercial  brands  contain  certain  small  quantities  of  pigmentary 
oxides  which  naturally  affect  the  colour  of  the  glaze.  A  very 
minute  quantity  of  these  oxides  is  sufficient  to  spoil  litharge 
for  the  purpose  in  question  :  and,  in  fact,  when  the  amount  of 
the  foreign  metal  exceeds  the  percentages  given  below,  the 
litharge  becomes  quite  unsuitable  for  use  in  colourless  glazes : 

Copper  .....  0‘0041  per  cent. 

Antimony  ....  0'0050  „ 

Bismuth  .  .  .  0  0050  to  0-0075  „ 

These,  figures  have  been  given  for  the  special  purpose  of 
showing  that  even  extremely  small  quantities  of  impurities 
can  spoil  the  appearance  of  an  otherwise  perfectly  suitable 
glaze. 

Bed  lead  is  a  product  that  can  be  advantageously  used  in  most 
cases  for  the  preparation  of  glazes.  For  this  purpose  it  should 
be  made  from  a  litharge  that  contains  no  more  than  traces  of 
iron  or  copper  compounds,  it  being  otherwise  impossible  to 
obtain  a  red  lead  of  brilliant  appearance  and  pure  shade. 
Bed  lead  also  exerts  a  beneficial  influence  during  the  fusing 
of  the  glaze  mass,  inasmuch  as  it  liberates  a  certain  amount 
of  oxygen  during  the  process,  which  oxygen  acts  upon  and 
eliminates  any  organic  particles  present  in  the  form  of  dust, 
etc.,  and  also  converts  any  traces  of  ferrous  oxide  present — 
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which  would  introduce  a  green  coloration  into  the  less  powerful 
yellow  pigment,  ferric  oxide. 

It  should  he  mentioned  that  the  presence  of  organic  matter 
would,  in  the  absence  of  free  oxygen,  greatly  impair  the 
appearance  of  the  finished  glaze.  Without  this  free  oxygen, 
the  dust  and  other  minute  organic  particles  would  merely 
carbonise  during  the  fusing  process,  and  form  small  black 
specks  which  would  spoil  the  look  of  the  glaze,  a  skilled  eye 
immediately  detecting  the  grey  tinge  of  such  glaze. 

The  dearest,  but  also  the  best,  lead  compound  used  for  glazes 
is  the  carbonate,  white  lead,  which  contains  scarcely  a  trace  of 
extraneous  metals,  and  in  any  case  the  quantity  is  so  minute 
that  it  does  not  interfere  with  the  usefulness  of  the  carbonate. 

Another  lead  salt  excellently  adapted  for  the  purpose  in  view 
is  lead  sulphate,  which  can  generally  be  obtained  at  a  low 
price  from  chemical  manufacturers,  who  find  it  difficult  to 
dispose  of.  Being  almost  invariably  chemically  pure,  from 
the  method  of  its  preparation,  it  is  admirably  adapted  for  the 
production  of  colourless  glazes. 

The  substances  mentioned  above  are  those  used  in  the 
manufacture  of  glaze,  in  the  strict  sense  of  the  word.  It  will 
be  evident,  from  what  has  already  been  said,  that  these  glazes 
are  really  glasses,  differing  from  one  another  in  point  of 
hardness,  fusibility,  and  power  of  resisting  chemical  agencies. 
Their  application  also  differs  according  to  the  value  of  the 
material  from  which  the  pottery  ware  is  produced. 

In  many  cases,  however,  the  use  of  glaze  is  designed  to  mask 
the  colour  of  the  underlying  clay,  and  thereby  improve  the 
appearance  of  the  Avare.  This  purpose  is  attained  by  mixing 
the  colourless  glazes  with  substances  that  either  render  them 
perfectly  opaque,  or  at  least  milky  and  translucent.  The 
substances  added  for  this  purpose  do  not  enter  into  chemical 
combination  in  the  glaze,  but  are  merely  embedded  in  a  finely 
divided  condition  therein, 
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When  these  substances  in  suspension  are  themselves  colour¬ 
less,  they  make  the  bulk  of  the  glaze  either  milky  or  quite 
white  in  appearance,  according  to  the  quantity  employed. 

Glazes  may  also  be  rendered  opaque  by  substances  which  at 
the  same  time  impart  a  certain  colour  to  the  mass.  This  may 
be  effected  in  two  ways  :  either  by  incorporating  a  sufficient 
quantity  of  pigmentary  powder  to  effect  this  dual  result,  or 
else  by  making  the  glaze  a  coloured  glass  from  the  commence¬ 
ment.  For  instance,  when  the  glaze  has  been  so  compounded 
that  it  forms  a  green  glass,  it  will  impart  a  certain  tinge  of 
green  to  the  white  body  of  the  ware  to  which  it  is  applied. 
On  the  other  hand,  when  this  green  glass  is  mixed  with  a 
colourless  substance  which  does  not  enter  into  chemical 
combination  with  the  mass,  a  green  colour  will  be  obtained  that 
is  quite  different  from  that  produced  by  the  transparent  green 
glaze ;  and  the  shade  can  be  varied  to  any  extent  by  altering 
the  proportion  of  the  substance  used  for  producing  opacity. 

Glazes  may  therefore  be  classified,  according  to  their 
appearance,  into  three  main  groups  : 

1.  Colourless  glazes ; 

2.  Opaque  glazes  of  various  colours ;  and 

3.  Transparent  coloured  glazes. 

The  substances  employed  in  the  preparation  of  these  glazes 
are  very  numerous,  and  belong  exclusively  to  the  group  of  the 
heavy  metals.  At  present  we  will  refrain  from  more  than 
mentioning  these  substances,  leaving  a  description  of  their 
properties  and  application  until  we  come  to  deal  with  the 
glaze  masses  in  which  they  figure. 

the  preparation  op  the  glaze  mass. 

When  glaze  masses  are  to  be  made  on  a  large  scale,  a  certain 
series  of  operations  must  be  gone  through  in  all  cases.  The 
first  of  these  consists  in  reducing  the  ingredients  to  the  finest 
possible  state  of  division ;  the  second  being  to  weigh  out  the 
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powdered  ingredients  accurately  in  the  proportions  they  are  to 
occupy  in  the  mass,  after  which  they  must  he  mixed  together, 
in  such  a  manner  as  to  ensure  intimate  admixture  of  the  whole. 
This  latter  is  a  very  important  feature,  since  otherwise  the 
mass  would  not  he  of  uniform  chemical  composition  throughout 
after  the  fusing  process. 

The  preceding  stages  are  mechanical  operations,  but  the 
subsequent  fusing  process  involves  chemical  reactions,  namely, 
the  formation  of  the  silicates  constituting  the  chief  substance  of 
the  glaze.  Formerly  the  preparation  of  ordinary  glazes  was 
confined  to  applying  the  powdered  ingredients  in  the  form  of  a 
pulp  or  dry  powder  to  the  surface  of  the  ware  and  then  fusing 
them  on  the  latter,  or  else  the  ingredients  were  merely  heated  to 
a  degree  sufficient  to  form  the  silicates  without  causing  the  mass 
to  fuse  uniformly  throughout,  i.e.  the  glaze  was  merely  fritted. 

Neither  of  these  methods  producing  the  desired  homogeneity 
of  the  glaze,  they  have  now  been  abandoned,  at  least  in  the 
production  of  better  class  pottery,  the  general  practice  at 
present  being  to  fuse  the  glaze  completely  before  use. 

The  final  stage  in  the  production  of  glazes  is  again  of  a 
mechanical  nature,  for  the  purpose  of  converting  the  fused 
mass  into  a  fine  powder,  which  can  afterwards  be  applied  to 
the  ware,  either  in  the  form  of  a  milky  liquid  or  in  the  dry 
state,  and  fused  thereon  in  the  kiln. 

APPLIANCES  FOR  PULVERISING  THE  MATERIALS. 

The  mechanical  devices  used  for  powdering  the  materials 
for  glaze  must  be  adapted  to  suit  the  nature  of  the 
substances  to  be  ground.  The  hardest  of  these  substances 
are  quartz  and  felspar;  and  though  the  former  is  often 
obtained  in  the  state  of  sand,  yet  even  the  finest  quartz 
sand  consists  of  particles  that  are  too  coarse  for  the  purpose 
in  view,  and  therefore  need  further  comminution.  Moreover, 
solid  quartz  is  often  employed  instead  of  sand  for  fine  glazes, 
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consisting  as  it  does  of  pure  silica,  which  is  rarely  the  case 
with  sand. 

The  great  hardness  of  quartz  and  felspar  (which  is  not  much 
softer)  necessitates  the  use  of  crushing  and  grinding  machinery 
capable  of  exerting  a  considerable  amount  of  power.  The 
other  ingredients  of  glaze  are  comparatively  soft,  and  therefore 
can  be  converted  into  powder  by  means  of  lighter  machinery. 

To  facilitate  the  reduction  of  the  quartz  and  felspar,  these 


substances  are  first  heated  to  redness  and  thrown  into  water, 
which  quenches  or  cools  them  suddenly,  thereby  producing 
brittleness  and  rendering  the  pulverising  process  much  easier. 

The  machinery  generally  used  for  crushing  consists  of  stamps 
or  edge-runners.  In  the  former  the  lumps  of  felspar  or  quartz 
are  crushed  by  the  impact  of  the  falling  stamps  and  delivered 
into  screening  devices  which  sort  the  product  out  according  to 
the  fineness  of  the  particles. 

A  set  of  stamps  of  this  kind  is  illustrated  in  Fig.  1,  the 
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mill  being  of  the  type  often  used  for  crushing  ore.  Since, 
however,  the  iron  or  steel  of  which  the  stamps  and  trough  are 
composed  would  undergo  attrition  and  thus  introduce  the 
undesirable  ingredient,  iron,  into  the  glaze  material,  it  is 
necessary  to  face  the  stamps  with  quartz  and  line  the  trough 
with  blocks  of  the  same  material. 

Another  type  of  machine  for  crushing  hard  materials  is  the 
edge-runner  mill,  illustrated  in  Fig.  2.  In  mills  of  this  kind, 


Fig.  2. — Edge-mnner  mill. 


a  vertical  shaft  carries  a  horizontal  arm  which  passes  through 
circular  holes  in  a  pair  of  mill-stones  running  in  an  annular 
trough.  When  the  vertical  shaft  is  set  in  motion,  these  stones 
run  round  inside  the  trough,  like  wheels,  and  crush  the 
material  placed  therein  by  their  weight.  Hence,  the  heavier 
the  stones,  the  greater  the  elf'ect  produced.  Blades  are  provided 
for  returning  to  the  centre  of  the  trough  the  larger  fragments 
pushed  aside  by  the  runners. 

In  this  case,  again,  to  prevent  the  introduction  of  iron  into 
the  glazed  materials,  the  working  parts  in  contact  with  the 
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latter  must  be  faced  with  quartz.  With  this  object  the  trough 
is  lined  with  quartz  blocks,  and  the  runners  are  either  of 
quartz  throughout,  or  of  cast-iron  with  a  rim  of  quartz  blocks. 

The  crushed  material  is  more  finely  powdered  in  other 
machines,  chiefly  ball  mills  or  disintegrators.  The  former  type 
of  mill  consists  in  principle  of  a  drum  surrounding  a  rotary 
horizontal  shaft  and  containing  a  number  of  hard  bodies  or 
balls  of  bronze,  steel,  etc.,  though  for  glaze  making  these  must 


Fig.  3. — Ball  mill,  mounted  on  rollers. 


be  replaced  by  round  quartz  stones,  and  the  drum  lined  with 
quartz,  for  the  reason  already  advanced.  As  the  drum  revolves, 
the  balls  act  on  the  material  under  treatment  and  reduce  it 
eventually  to  a  very  soft  powder.  To  prevent  the  finer  portions 
impeding  the  action  of  the  balls  on  the  coarser  particles,  the 
drum  is  fitted  with  fine  sieves  through  which  the  powder  falls, 
or  else  a  powerful  current  of  air  is  forced  through  the  drum,  to 
blow  the  dust  away  into  a  collecting  chamber. 
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When  an  extensive  source  of  cheap  motive  power  is  available, 
i.e.  water  power,  disintegrators  can  be  advantageously  employed 
for  comminuting  hard  materials.  These  appliances  chiefly 
consist  of  three  or  four  open  rings,  the  periphery  being 
fitted  with  a  number  of  sharp-edged  steel  prisms.  The  two 
innermost  rings  rotate  in  one  direction,  whilst  the  two  outer 
ones  turn  in  the  opposite  direction,  at  a  high  rate  of  speed 
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Fig.  4. — Arrangement  of  the  rods  in  a  disintegrator  (Trommel  =  drum). 


(Fig.  4).  The  material  under  treatment — marked  cia— enters 
the  mill  inside  the  inner  ring  and  is  thrown  by  the  centrifugal 
force  with  great  violence  against  the  sharp-edged  steel  rods. 
The  resulting  fragments  are  broken  up  still  further  by  the  rods 
of  the  second  ring,  and  so  on,  until  finally  the  powder  is 
ejected  from  the  mill.  These  disintegrators,  one  of  which  is 
shown  open  in  Fig.  5,  are  also  well  adapted  for  mixing 
powdered  substances,  and  can  therefore  be  used  for  this  dual 
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purpose  in  the  preparation  of  glazes.  Their  disposition 
preventing  any  dissemination  of  dust,  they  are  particularly 
suitable  for  mixing  glazes  containing  lead  compounds,  it  being 
very  important  to  protect  the  workmen  from  the  injurious 
effects  of  plumbiferous  dust. 

The  softer  materials  for  glaze  can  he  ground  in  ordinary 
mills,  either  wet  or  dry  (Fig.  6).  When  none  of  the  materials 
is  soluble  in  water,  the  wet  method  is  preferable,  this  prevent 


Fig.  5. — Disintegrator. 


ing  any  formation  of  dust,  and  at  the  same  time  consuming 
less  motive  power  than  dry  mills. 

On  the  other  hand,  any  ingredients  that  are  soluble  in  water 
should  be  omitted  from  the  wet  grinding,  and  then  added,  in 
a  dissolved  state,  to  the  ground  mass,  which  then  contains  all 
the  ingredients  and  can  be  put  through  the  further  stages  of 
preparation. 

When  the  glaze  mass  has  been  made  into  a  pulp  it  must  be 
worked  up  without  much  delay,  or  undesirable  alterations 
will  take  place,  especially  if  solid  lead  compounds,  like  red 
lead  or  white  lead,  be  present,  these  specifically  heavy  bodies 
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settling  down  to  the  bottom,  and  causing  irregularity  in  the 
composition  of  the  fused  glaze. 

The  pulpy  mass  can  be  quickly  dried  by  spreading  it  out  in 
shallow  pans,  heated  by  the  flue  gases  from  the  melting  furnace 
or  other  source  of  waste  heat.  If  the  mass  be  stirred  up  with 


Eig.  t>. — Mill  with  overhead  running-stone. 

a  rake,  the  water  is  quickly  expelled  and  the  whole  falls  to  a 
dry  powder. 

FUSING  THE  GLAZE  MASS.’ 

This  operation  must  bo  performed  in  special  appliances, 
arranged  in  accordance  with  the  character  of  the  material 
under  treatment.  Whereas  glazes  rich  in  lead  have  a  relatively 
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low  fusing-point,  and  can  therefore  be  fused  in  a  reverberatory 
furnace,  the  fusing-point  of  the  other  glazes  is  high,  thus 
entailing  the  use  of  furnaces  capable  of  generating  very  high 
temperatures. 

Readily  fusible  glazes  are  often  fused  in  a  fritting  furnace, 
as  illustrated  in  Fig.  7,  the  shape  being  identical  Avith  that 
of  a  horizontal  reverberatory  furnace.  The  fire  gases  coming 


Fig.  7. 


from  the  grate  F  pass  over  a  firebridge  and  thence  over  a 
trough  G  Avith  an  inclined  sole,  on  which  the  charge  is  placed 
and  fused.  The  fused  mass  collects  at  the  deepest  part  of  the 
sole,  and  can  be  draAvn  olf,  through  a  tap  hole  F  at  the  side, 
into  a  vessel  of  cold  Avatcr,  the  sudden  cooling  causing  the 
mass  to  set  to  a  very  brittle  slag  that  is  easily  reduced  to 
powder. 
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The  charge  to  be  fused  is  spread  over  the  arch  of  the  furnace 
while  the  preceding  charge  is  being  melted,  so  that  it  can  be 
warmed  up  beforehand  and  lowered  into  the  furnace  as  soon  as 
the  latter  is  empty.  The  usual  dimensions  of  the  furnace  sole 
are  7-9  feet  long  and  about  3  feet  wide. 

A  modification  of  this  type  of  furnace,  for  making  glaze  in 
larger  quantities,  consists  in  placing  a  layer  of  well-rammed 


Fig.  8. 


quartz  sand  in  the  lowest  part  of  the  sole  and  introducing  the 
charge  at  the  highest  part.  As  soon  as  a  certain  quantity  of 
the  charge  is  melted,  it  flows  down  the  sole  and  collects  over 
the  sand.  A  further  portion  of  the  charge  is  then  introduced, 
and  the  operation  is  repeated  until  the  deep  portion  of  the  sole 
is  filled  with  the  fused  mass.  The  furnace  is  then  left  to  cool 
until  it  is  merely  at  a  low  red  heat,  whereupon  water  is  poured 
on  to  the  glaze  mass  which  is  thereby  caused  to  break  into 


The  Preparation  of  Glazes 


45 


a  number  of  fragments  that  can  be  taken  out  through  a  door 
at  the  side.  In  this  manner  a  charge  of  up  to  2  tons  can  be 
dealt  with  in  a  furnace  of  the  foregoing  dimensions. 

These  furnaces  consume  a  large  amount  of  fuel,  the  heat 
being  applied  over  the  surface  of  the  mass  only.  It  is  there¬ 
fore  advisable  to  devise  a  means  of  leading  the  fire  gases  back 
underneath  the  sole  before  they  pass  away  into  the  chimney. 

Fig.  8  shows  the  arrangement  of  a  similar  furnace  in  which 
the  sole  has  a  double  slope  toward  the  middle.  This  type  is 
very  suitable  for  fusing  mixtures  of  lead  and  tin  oxides  for 
making  white  glazes. 

FURNACES  FOR  REFRACTORY  GLAZES. 

To  fuse  refractory  glazes,  the  preceding  types  of  furnace 
cannot  be  used,  since  the  temperature  developed  is  insufficient 
to  liquefy  the  mass.  In  this  case  the  operation  must  necessarily 
be  performed  in  crucibles  set  in  suitable  reverberatory  furnaces. 

An  older  form  of  this  class  of  furnace  for  refractory  glazes  is 
shown  in  Fig.  9.  A  fireclay  cylinder,  entirely  open  at  the 
bottom  and  provided  with  an  opening  at  the  top,  is  mounted  in 
an  opening  in  the  grate  of  a  shaft  furnace,  where  it  serves  as  a 
support  for  a  crucible  containing  the  charge  to  be  fused.  The 
small  hole — about  |th  inch  in  diameter — in  the  bottom  of  the 
crucible,  is  closed  with  a  porcelain  ball  before  inserting  the 
charge.  When  the  crucible  is  surrounded  with  glowing  coal, 
or  preferably  coke,  the  temperature  inside  rises  sufficiently  to 
liquefy  the  charge.  The  porcelain  ball  having  a  lower  specific 
gravity  than  the  fluid  mass  of  glaze,  floats  and  allows  the  fused 
glaze  to  flow  through  the  hole  in  the  bottom,  into  a  vessel  of 
water  underneath,  where  it  is  quenched. 

An  arrangement  has  been  adopted  of  combining  four  or  six 
of  these  furnaces  in  one,  so  that  considerable  quantities  of  glaze 
can  be  prepared  at  a  time ;  but  this  method  is  attended  with 
the  drawback  of  consuming  a  good  deal  of  fuel.  This  in- 
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convenience  has  been  removed  by  the  arrangement  shown  in 
Pigs.  10  and  11,  in  which  9—12  crucibles  are  mounted  in  three 
rows  in  one  furnace.  The  flames  from  the  two  grates,  P,  P, 
take  the  direction  indicated  by  the  arrows,  before  reaching  the 
chimney ;  and  being  still  very  hot,  are  utilised  for  warming  up 
the  next  charge,  heating  the  calciner,  etc.  The  crucible  chamber 


^  I 
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Fig.  9. 


is  closed  at  the  top  by  a  thick  plate  of  fireclay,  with  holes 
through  which  the  upper  rims  of  the  crucibles  project.  As 
soon  as  the  charge  in  the  crucibles  has  melted,  the  porcelain 
ball  at  the  bottom  of  each  floats  and  allows  the  molten  mass  to 
run  out  into  the  water  tub  below.  The  crucible  lid  is  then  taken 
oft  and  a  fresh  charge  introduced,  the  materials  being  already 
at  a  low  red  heat  in  order  to  prevent  injury  to  the  crucible. 

The  operation  is  carried  on  in  this  way  continuously  until 
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the  cracking  or  other  failure  of  the  crucible  necessitates  an 
interruption  of  the  process. 


Fig.  10. 


Fig.  11. 


Occasionally  the  ball  refuses  to  rise,  although  the  charge  has 
melted,  so  that  a  waste  of  time  and  fuel  is  incurred.  This 
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defect,  however,  can  be  remedied  by  arranging  the  crucibles  as 
shown  in  Fig.  12.  Here  the  bottom  of  the  crucible  is  provided 
with  a  conical  opening,  closed  by  a  tight-fitting  porcelain  plug 
attached  to  an  iron  rod  coated  with  an  enamel  of  such  refractory 
character  that  it  will  not  melt  at  the  temperature  attained  by 
the  charge  of  glaze  material.  This  rod  is  bent  and  passed 
through  a  hole  in  the  crucible  lid,  the  upper  extremity  being 


Fig.  12. 


shaped  like  a  hook  to  facilitate  lifting.  The  lid  is  divided  so 
that  one  portion  can  be  easily  removed. 

As  soon  as  the  contents  are  believed  to  have  melted,  a  rod 
coated  with  refractory  enamel  is  dipped  into  the  mass,  and  if 
it  can  be  moved  to  and  fro  without  difficulty,  will  indicate  that 
fusion  has  already  taken  place,  whereupon  the  valve  is  opened 
and  the  charge  allowed  to  run  out,  the  crucible  being  recharged 
at  once. 

Hessian  crucibles,  made  of  perfectly  fireproof  material,  are 
generally  used  for  fusing  glaze  masses.  To  prevent  contamina- 
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tion  of  the  glaze  with  iron,  from  the  highly  ferruginous  material 
of  which  the  crucible  is  composed,  the  latter  must  be  lined 
with  an  extremely  refractory  enamel  or  glaze,  prepared  by 
mixing  pure  porcelain  earth  with  just  enough  pure  silica  to 
form  a  mass  that  does  not  fuse  below  the  highest  white  heat. 

This  mass  is  made  into  a  thin  paste  with  Avater,  and  applied 
evenly  over  the  inner  surface  of  the  crucible,  which  is  then 
sloAvly,  but  progressively,  heated  in  the  hottest  part  of  the 
porcelain  kiln,  to  melt  the  glaze.  This  method  covers  the 
inside  of  the  crucible  with  a  layer  of  smooth,  hard,  and  lustrous 
glaze,  which  is  corroded  very  gradually,  and  will  not  lose  its 
gloss  and  become  rough  until  the  crucible  has  been  used  a 
great  number  of  times  for  melting  glaze  masses. 

The  cracking  of  the  crucible  is  generally  caused  by  repeated 
rapid  coolings,  due,  for  instance,  to  filling  it  with  imperfectly 
heated  charges.  In  order  to  prolong  the  life  of  the  crucibles 
as  much  as  possible,  care  must  be  taken  to  protect  them  from 
cooling  Avhilst  in  a  red-hot  state,  and  to  always  heat  up  the 
new  charge  to  a  very  high  temperature  before  insertion.  By 
proceeding  on  these  lines  the  durability  of  the  crucibles  can 
be  considerably  increased. 


The  various  stages  in  the  preparation  of  colourless  glazes 
have  now  been  described,  and  all  that  remains  to  be  done  with 
the  fused  and  quenched  (granulated)  mass  is  to  grind  it  ready 
for  use. 

The  property  of  colourless  glazes,  to  reveal  the  colour  of  the 
underlying  Avare  on  which,  they  are  fused,  is  not  important  in 
the  case  of  utensils  made  of  pure  Avhite  clay.  One  of  the  chief 
tasks  of  the  ceramist,  hoAvever,  is  to  impart  a  handsome 
appearance  to  vessels  made  of  more  or  less  ugly  coloured 
material ;  and  this  can  only  be  accomplished  in  one  way, 
namely,  by  coating  them  Avith  an  opaque  glaze  that  does  not 
alloAv  the  colour  of  the  Avare  to  show  through. 
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These  opaque  glazes  may  be  coloured  as  desired,  and  in  this 
way  vessels  of  inferior  clay  can  he  made  to  look  very  beautiful ; 
in  fact,  ordinary  earthenware  will  assume  the  appearance  of  fine 
porcelain,  decorated  with  the  most  beautiful  colours. 

Given  the  possession  of  a  number  of  proved  recipes  for 
making  glaze  of  any  special  colour,  there  is  no  difficulty  in 
producing  these  glazes  in  any  quantity,  always  true  to  shade ; 
but,  as  a  rule,  a  very  large  number  of  experiments  have  to  be 
performed  before  this  happy  result  is  achieved  in  practice. 
These  trials  must  of  course  be  carried  out  on  a  small  scale, 
with  the  aid  of  the  experimental  melting  furnace. 

THE  EXPERIMENTAL  MELTING  FURNACE. 

The  disposition  of  this  furnace  must  be  of  such  a  character 
that  it  will  enable  small  quantities — usually  a  few  ounces — 
of  glaze  masses  to  be  fused  in  a  short  time,  so  that  a  large 
number  of  experiments  can  be  performed  in  one  day. 

A  furnace  of  this  kind,  which  is  found  to  answer  admirably 
in  practice,  is  illustrated  in  Fig.  13.  It  consists  of  an  iron 
cylinder  C,  lined  with  fireclay,  and  resting  on  a  fireclay  plate. 
This  cylinder  encloses  a  large  Hessian  crucible,  perforated  with 
a  number  of  holes  a  short  distance  above  the  bottom.  A 
wrought-iron  stand  in  this  crucible  serves  to  support  a  porcelain 
melting  crucible  S,  which  is  half-filled  with  magnesia,  and  in 
which  the  porcelain,  or  preferably  platinum,  crucible  containing 
the  trial  charge  is  embedded.  By  means  of  a  handle  Id,  of 
stout  platinum  wire,  the  crucible  S  can  be  lifted  out  of  the 
furnace  as  soon  as  the  charge  is  melted.  The  fireclay  cover  A 
is  topped  with  an  iron  flue,  in  order  to  set  up  a  strong  draught 
in  the  apparatus. 

The  small  crucible  having  received  the  trial  charge  and-been 
covered  with  a  lid,  is  placed  in  the  large  crucible,  which  is  then 
filled  with  glowing  charcoal  or  small  coke  through  the  opening 
B ;  and  the  cover  of  B  being  placed  in  position,  a  strong 
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draught  is  forced  through  the  apparatus  from  the  pipe  K. 
This  draught  finds  its  way  through  the  holes  0,  into  the 
crucible  T,  and  causes  the  fuel  therein  to  burn  vigorously. 
The  temperature  in  the  small  crucible  S  soon  rises  to  such  a 
height  as  to  rapidly  melt  the  most  refractory  glaze.  As  soon 


as  this  stage  is  reached,  the  cover  A  is  removed,  and  the  crucible 
P  is  taken  out  and  thrown  into  water.  If  P  is  made  of 
platinum,  the  molten  mass  falls  out  of  itself,  whilst  in  the  case 
of  a  porcelain  crucible,  which  cracks  in  the  cold  water,  the 
fragments  are  readily  detachable  from  the  mass  of  glaze.  A 
fresh  crucible  is  placed  in  the  furnace,  filled  with  a  new  charge, 


Fig.  13. 
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and  as  the  furnace  is  now  in  a  hot  state,  this  second  charge 
will  usually  be  melted  in  a  shorter  time  than  the  first. 

Where  coal-gas  is  available,  a  small  gas  furnace,  of  the  type 
shown  in  Pig.  1 4-,  is  preferably  used  for  tlrese  experiments.  In 
this  case  the  crucible  T,  which  is  relatively  tall,  is  bored 
through  at  the  bottom,  the  hole  being  closed  with  a  porcelain 


Fig.  14. 


ball.  The  crucible  is  rested  on  a  fireclay  block  of  suitable 
shape,  and  covered  with  a  fireclay  bell  c,  surrounded  in  turn 
by  a  thick  fireclay  cylinder.  The  lower  part  of  the  apparatus 
consists  of  a  fireclay  ring,  with  a  number  of  perforations  on  the 
inner  side.  Coal-gas  is  admitted  through  the  pipe  a  into  b, 
and  issues  therefrom  in  a  number  of  thin  streams  through  the 
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perforations,  mixed  with  air,  so  that  on  ignition  it  burns  with 
a  very  hot  flame.  The  flames  envelop  the  crucible  on  all  sides, 
and  escape  through  the  top  of  the  fireclay  bell  c,  descending 
thence  between  the  bell  and  the  outer  cylinder,  in  the  direction 
shown  by  the  arrow,  and  finally  passing  into  the  flue  e.  This 
flue  is  open  below  and  is  heated  by  a  llunsen  burner,  so  that  a 
powerful  draught  is  induced  in  the  furnace  and  the  fusing  pro¬ 
cess  is  complete  in  a  very  short  time. 


CHAPTER  V. 


Coloured  Glazes. 

LAZES  may  be  coloured  in  various  ways.  According  to 
^  one  method  the  ingredients  of  colourless  glazes  are 
mixed  with  certain  pigmentary  metallic  compounds  capable 
of  producing  definite  colours.  Cobalt  oxide  added  to  colour¬ 
less  glaze  masses  will  furnish  a  blue  product,  which  is  trans¬ 
parent.  The  depth  of  colour  depends  on  the  amount  of  cobalt 
oxide  taken,  increasing  with  the  latter ;  and  indeed,  when  a 
large  quantity  of  cobalt  oxide  is  used,  the  coloration  is  so 
intense  that  the  mass  becomes  opaque. 

Analogous  effects  are  produced  by  the  progressive  addition 
of  ferric  oxide.  A  yellow  mass  is  obtained  at  first,  changing, 
as  the  amount  of  oxide  is  increased,  to  red,  and  finally  the 
mass  is  rendered  opaque. 

When  the  substance  added  to  the  colourless  glaze  mass  is 
itself  colourless,  but,  unlike  cobalt  oxide  and  ferric  oxide,  is 
not  soluble  in  the  fused  mass,  glazes  of  special  character  are 
obtained.  Tin  oxide  is  a  substance  which,  in  a  finely  divided 
state,  appears  white.  If  added  in  small  quantities  to  colour¬ 
less  glazes,  it  produces  a  slight  cloudiness,  turning  to  milk-white 
when  the  proportion  is  increased,  the  mass  at  the  same 
time  becoming  less  and  less  translucent,  until  the  stage  of 
complete  opacity  is  reached. 

If  these  pure  white  glazes  be  coloured  with  pigmentary 
oxides,  the  resulting  coloured  masses  differ  considerably  from 
the  transparent  coloured  glazes.  Used  in  this  way,  cobalt 
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oxide,  for  instance,  will  furnish  a  whole  range  of  blue  colours 
from  sea  blue,  through  forget-me-not  blue  to  the  deepest 
ultramarine,  according  to  the  quantity  of  pigment  used. 

The  employment  of  pigmentary  metallic  compounds  in 
conjunction  with  tin  oxide  and  without  this  latter,  enables 
the  ceramist  to  produce  any  desired  shade  of  colour,  and  all 
transition  stages  between  the  members  of  the  series,  and 
thereby  turn  out  ware  that  is  fully  equal  to  hand  painted,  and 
possesses  an  artistic  merit  of  its  own  when  skilfully  produced. 
In  this  connection  it  will  he  sufficient  to  bear  in  mind  the 
beautiful  majolica  ware  now  produced  in  this  manner  at  many 
potteries. 

Owing  to  the  ease  with  which  the  coloured  glazes  can  he 
applied  in  various  designs,  by  means  of  mechanical  appliances, 
ware  of  this  kind  can  now  he  made  at  relatively  low  prices,  for 
which  reason  such  ware  has  latterly  been  largely  used  for 
decorative  purposes  in  building. 

WHITE  GLAZES. 

These  form  the  most  largely  used  class  of  opaque  glazes, 
being  specially  suitable  for  masking  the  ugly  appearance  of 
ware  from  clay  of  a  bad  colour,  and  making  the  same  white. 
All  faience  ware  is  made  from  more  or  less  coloured  clay,  and 
then  coated  over  with  a  white  glaze  so  as  to  produce  a  great 
resemblance  to  ware  made  from  pure  white  clay,  coated  with 
colourless  glaze. 

Of  late,  white  glazes  have  also  been  frequently  used  to  impart 
a  handsome  appearance  to  ware  made  of  very  common  clay. 
The  highly  artistic  “porcelain”  stoves  now  produced  in  many 
continental  pottery  works  are  made  of  yellow  or  red  clay,  their 
handsome  appearance  being  due  to  the  white  glaze  with  which 
they  are  coated.  The  tiles  used  for  lining  hearths,  fireplaces, 
and  bathroom  walls  are  made  in  a  similar  manner. 

Another  extensive  application  of  white  glaze  is  in  the 
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production  of  opaque  coloured  glazes  by  the  addition  of 
metallic  pigmentary  substances ;  and  since  the  shade  depends 
on  the  amount  of  pigmentary  material  used,  these  glazes  can  be 
obtained  in  any  desired  shade.  Entire  pictures  can  be  made 
by  the  aid  of  various  coloured  glazes,  the  appearance  being  equal 
in  beauty  and  brightness  to  the  best  enamel  paintings. 

White  glazes  are  all  prepared  by  adding  to  the  colourless 
glaze  mass  a  corresponding  amount  of  tin  oxide,  which,  though 
a  colourless  substance,  shares  with  others  of  the  same  character 
the  property  of  appearing  white  when  in  a  state  of  fine  division. 
Hence,  when  a  thin  section  of  white  enamel  is  examined  under 
the  microscope,  it  appears  to  consist  of  colourless  [(articles 
embedded  in  a  colourless  matrix,  the  whiteness  of  the  mass  to 
the  unassisted  eye  being  due  to  the  difference  between  the 
refractive  indices  of  the  tin  oxide  and  other  glaze  constituents. 

THE  PREPARATION  OF  TIN  OXIDE  AND  CALCINE. 

The  oxide  may  be  prepared  in  various  ways,  such  as  oxidising 
pure  tin  with  nitric  acid,  or  by  heating  molten  tin  or  a  tin-lead 
alloy  to  red  heat. 

The  first-named  method  is  too  expensive  to  be  used  for 
making  white  glazes,  though  it  is  preferable  Avlien  tin  oxide  is 
to  be  made  for  use  in  fine  enamels  or  ceramic  experiments, 
since  it  furnishes  a  purer  product. 

The  method  is  performed  by  melting  tin  and  [touring  it 
slowly  into  water,  this  granulation  process  increasing  the 
surface  of  metal  exposed  to  the  action  of  the  nitric  acid,  and 
thereby  accelerating  oxidation.  The  tin  granules  are  placed 
in  a  large  porcelain  or  stoneware  vessel,  out  of  doors,  and 
suffused  with  concentrated  nitric  acid.  Oxidation  commences 
rapidly,  the  nitric  acid  being  decomposed  with  liberation  of 
dense  brown  fumes. 

When  the  evolution  of  fumes  has  nearly  ceased,  the  liquid 
is  stirred  with  a  glass  rod,  to  detach  the  tin  oxide  from  the 
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granules  and  present  a  clean  surface  of  metal  to  the  acid,  more 
nitric  acid  being  added,  and  the  operation  repeated  until 
nearly  all  the  tin  is  oxidised.  To  prevent  waste  of  acid,  it  is 
advisable  to  leave  a  little  tin  in  excess. 

A  dense  white  powder  settles  down  to  the  bottom  of  the 
vessel,  consisting  of  tin  oxide  mixed  with  small  lumps  of 
unaltered  tin.  These  are  separated  from  the  oxide  by  leviga- 
tion,  and  the  oxide  is  transferred  to  filter  paper  resting  on  a 
cloth,  where  it  is  washed  repeatedly  with  water  to  remove  the 
final  traces  of  acid.  The  cloth  is  then  tied  in  a  bundle  and 
hung  up  until  the  oxide  is  quite  dry  and  has  fallen  to  a 
dense,  pure  white  powder. 

The  second  method  of  making  tin  oxide  for  glaze  is  based  on 
the  conversion  of  metallic  tin  into  oxide  by  exposure  to  red 
heat  in  contact  with  air.  Since  the  oxidation  proceeds  more 
rapidly  and  uniformly  when  pure  tin  is  replaced  by  an  alloy  of 
tin  and  lead,  such  an  alloy  is  generally  used,  the  resulting 
mixture  of  tin  oxide  and  lead  oxide  being  known  as  “calcine.” 
It  is  of  course  essential  to  know  the  proportions  of  the  alloy 
in  order  to  be  able  to  make  allowance  for  the  lead  oxide  in 
calculating  the  addition  to  the  glaze  mass. 

The  absorption  of  oxygen  during  the  process  gives  a  product 
that  is  heavier  than  the  original  weight  of  metal  taken,  the 
proportions  being  as  follow  : — 

1  part  by  weight  of  tin  yields  1  *27  parts  of  tin  oxide. 

1  part  by  weight  of  lead  yields  1  ’08  parts  of  lead  oxide. 

The  dissemination  of  particles  of  lead  oxide  in  the  air  being 
inevitable  in  this  process,  the  men  would  be  exposed  to  the 
risk  of  lead  poisoning,  unless  the  operation  be  performed  in  an 
apparatus  which  renders  the  escape  of  lead  oxide  into  the 
workroom  impossible.  Such  an  apparatus  is  that  illustrated  in 
Fig.  15,  consisting  of  a  shallow  fireclay  pan,  sloping  upward  at 
one  end,  and  resting  on  a  strong  iron  plate  P,  heated  by  a  fire 
underneath.  The  pan  is  arched  over,  a  working  aperture  A 
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being  provided  in  the  front  end,  and  a  short  flue  0  leading 
into  the  chimney  E  at  the  other.  When  the  fire  is  burning, 
a  strong  draught  is  set  up  in  the  space  M  under  the  arch,  the 
air  being  drawn  from  this  space  into  the  chimney,  so  that  any 
dust  produced  in  M  is  carried  off,  and  all  risk  of  injury  to  the 
men  by  poisonous  dust  is  entirely  precluded. 

The  operation  is  commenced  by  placing  the  weighed  quantity 


Fig.  15. 


of  tin  in  the  fireclay  pan,  and  adding  the  lead  after  the  tin  is 
melted.  By  building  up  the  fire  so  as  to  produce  a  low  red 
heat,  the  lead  is  quickly  melted,  and  then  mixes  with  the  tin 
on  being  stirred  with  a  crutch  introduced  through  the  working 
aperture  A.  At  red  heat  the  surface  of  the  metal  becomes 
coated  with  a  layer  of  oxide,  which  is  pushed  by  the  crutch 
toward  the  rear  or  shallow  end  of  the  pan.  This  manipula¬ 
tion  is  continued  until  finally  the  whole  of  the  metal  is 
converted  into  an  earthy-looking  yellowish  powder.  After 
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this  has  been  worked  about  with  the  crutch  until  all  glimmer¬ 
ing  has  disappeared,  the  oxide  can  be  taken  out  of  the  pan. 
Since,  even  with  the  greatest  care,  it  is  impossible  to  prevent 
isolated  particles  of  metal  escaping  oxidation,  the  crude  calcine 
must  be  subjected  to  levigation,  the  recovered  particles  of  metal 
being  used  up  in  the  next  charge. 

The  proportions  of  tin  and  lead  taken  depend  on  the  nature 
of  the  glaze  to  be  produced.  For  a  glaze  of  high  covering 
power  the  amount  of  tin  must  be  increased  in  comparison  with 
that  used  for  a  glaze  of  low  covering  power.  In  any  case, 
however,  it  is  advisable  to  prepare  a  glaze  of  the  former  class, 
since  such  a  glaze  can  be  applied  very  thinly  and  therefore  goes 
further,  besides  showing  up  the  contours  of  the  glazed  ware 
more  sharply — a  point  of  special  importance  when  ornamented 
pieces  are  in  question. 

The  amount  of  tin  used  with  100  parts  of  lead  varies  from 
22  to  30  parts.  Calcines  containing  the  latter  proportion  of 
tin  furnish  a  glaze  of  good  covering  power  even  in  very  thin 
layers. 

The  white  produced  by  tin  oxide  in  glaze  is  a  pure,  hard 
chalk  white,  which  is  not  agreeable  to  the  eye,  except  in 
certain  circumstances.  It  can,  however,  be  toned  down  by 
the  use  of  certain  adjuncts,  a  very  small  quantity  of  cobalt 
oxide,  for  instance,  being  sufficient  to  produce  a  bluish  (milk) 
white ;  a  very  little  ferric  oxide  will  render  the  white  creamy ; 
chromic  oxide  imparts  a  greenish  tinge,  etc. 

Both  white  and  coloured  opaque  glazes  are  generally  prepared 
as  soda  glazes,  to  secure  fusibility.  They  cannot,  however,  be 
fused  in  the  ordinary  form  of  crucible  with  a  hole  in  the 
bottom,  the  large  content  of  tin  oxide  making  the  glaze  viscous, 
so  that  it  would  run  through  the  hole  with  difficulty.  This 
defect  could  be  overcome  by  using  a  higher  temperature ;  but 
in  such  case  the  heavier  tin  oxide  would  settle  down  and  make 
the  lower  portion  of  the  melted  charge  much  richer  in  tin  oxide 
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than  the  rest.  To  prevent  these  irregularities  in  the  glaze,  the 
fusing  process  is  preferably  carried  on  in  the  furnace  described 
above. 

Formerly,  the  glaze  mass  was  compounded  as  a  rule  by 
mixing  the  calcine,  sand  and  common  salt  together,  the  latter 
furnishing  the  alkali  necessary  to  the  formation  of  glaze.  The 
use  of  common  salt,  however,  is  attended  with  certain  evils, 
chief  among  them  being  the  high  volatility  of  the  salt  itself, 
a  considerable  amount  being  lost  from  this  cause  before  the 
fusing  temperature  of  the  charge  is  reached.  Moreover,  a 
considerable  volume  of  hydrochloric  acid  vapour  is  disengaged 
when  the  glaze  constituents  contain  moisture. 

The  reason  for  the  great  popularity  formerly  enjoyed  by  salt 
in  making  glazes  was  the  high  price  of  pure  soda ;  but  now 
the  latter  can  be  bought  very  cheaply,  so  that  salt  ought  to 
be  abandoned  on  account  of  the  inconvenience  mentioned 
above. 

The  comminution  of  the  fused  glazes,  which  are  drawn 
from  the  furnace  as  hot  as  possible  and  granulated  in 
water  is  performed,  in  the  first  stage,  in  edge-runner  mills, 
the  product  being  transformed  into  an  impalpable  powder 
between  mill-stones.  This  powder  is  stirred  up  to  a  pulp 
with  water,  and  the  glaze  is  applied  to  the  ware  by  dipping 
or  brushing  on. 

The  composition  of  the  white  glazes  usually  corresponds  to 
the  limits — 

0-20Na20)  3‘0SiO2  0-26Xa2O  )  3-5SiO„ 

O'GOPbO  }  0-6SnO2  t0  (P75PbO  \  0-9SnO2. 

The  chief  use  of  white  glazes  is  to  impart  the  pure  white 
appearance  of  superior  ware  to  pieces  made  of  discoloured 
clay.  Tiles  for  Swedish  stoves  and  for  use  in  facing  walls, 
etc.,  are  made  of  reddish  or  yellow  clay  and  coated  with  white 
glaze. 
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New  Recipes  foil  Glazed-Tile  Glazes. 


1 

2 

3 

4 

5 

6 

7 

8 

Calcine 

39 

40 

40-8 

42‘5*t 

34 

35 

42-5  f 

42 -S'* 

(Tin  per  cent,  of  lead 

36 

36 

33 

50 

36 

38 

26 

20) 

Quartz  sand 

29 

26 

6’4 

28-5 

32 

Common  salt  . 

11  -5 

12-5 

14-4 

12 

10 

13 

12 

12-5 

Norwegian  felspar  . 

9'5 

5'6 

6 

8 

6 

Potsherds 

7'5 

2'4 

5 

8'5 

5 

Porcelain  sherds 

18' 

13 

Sodium  nitrate 

3-5 

3-5 

2'8 

4 

3 

4 

2*5 

Glaze  sand  (Fuersten- 
wald)  . 

28 

32-5 

32-5 

45 

Red  lead  . 

8 

7 

*  Banca  tin.  t  Half-Spanish,  half-German  lead. 


Nos.  1,  2,  3,  and  4  give  pure  white  glazes  of  good  covering 
power  ;  5  and  G  are  not  so  fine  ;  7  gives  a  fine,  semi-white ;  and 
8  a  pale  grey. 

These  glazes  maybe  coloured  ivory  with  rutileorantimonyoxide 
(2-5  per  cent.) ;  blue  with  smalt ;  green  with  chromic  oxide  and 
smalt;  grey  with  a  very  little  chromic  oxide  and  manganese  oxide. 


Glazes  for  White  Tiles. 


I. 

11. 

III. 

IV. 

Calcine  .  .  .  ! 

100 

50  tin 

127 

43  tin 

23 

tin  oxide 

47  I 

50  tin  V 

1 

Red  lead  .... 

100  lead 
15 

57  lead 

24 

50  lead  j 

Sand  ..... 

100 

90 

36 

31 

Kaolin  .... 

12 

Porcelain  sherds 

15 

Calcined  soda 

10 

21-5 

9 

11 

Common  salt 

6 

11-5 

Chalk  .... 

1 

The  white  glaze  can  be  converted  into  a  coloured  one  by  adding 
suitable  pigmentary  metallic  compounds  before  fusing  the  glaze 
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mass.  At  one  time  the  number  of  colours  obtainable  in  this 
way  was  limited,  and  very  few  of  them  turned  out  well,  yellow 
and  blue  being  the  best.  At  present,  however,  not  merely  all 
colours,  but  also  the  most  delicate  modifications  of  tone  can  be 
produced  in  these  glazes,  and  consequently  this  branch  of 
ceramics  has  made  great  headway.  The  properly  coloured  ware 
has  almost  as  good  an  appearance  as  porcelain,  whilst  being 
much  cheaper.  With  regard  to  the  decoration  of  white-glazed 
earthenware,  a  return  has  been  made  to  earlier  practice  as 
enabling  the  finest  colour  effects  to  be  produced. 

The  method  adopted  consists  in  dipping  the  ware  in  the 
glaze,  held  in  a  state  of  suspension  in  water,  and  allowing  the 
glaze  to  dry  in  the  air.  The  individual  particles  of  the  glaze 
mass  adhere  firmly  to  the  ware  by  surface  attraction,  so  that 
they  cannot  be  removed  except  by  scraping  with  a  cutting 
instrument.  Consequently,  colours  of  suitable  nature  can  be 
painted  on  over  the  glaze  mass,  and  finally  baked  on  to  the 
ware  at  the  same  time  as  the  glaze  itself. 

In  this  operation  the  glaze  and  the  colour  (mixed  with  a 
suitable  flux)  melt  together,  so  that  the  contours  of  the  design 
are  softened  by  the  blending  of  the  glaze  and  pigment. 

To  secure  uniformity  of  colour  in  the  case  of  ware  entirely 
covered  with  coloured  glaze,  it  is  important  that  the  pigmentary 
material  should  be  evenly  distributed  through  the  glaze  mass, 
ft  is  therefore  preferable  to  add  the  pigmentary  material,  in  the 
form  of  fine  powder,  to  the  other  ingredients  of  the  glaze,  and 
to  grind  and  melt  the  whole  together.  This  method  Avill  give 
the  desired  result. 

There  are  numerous  recipes  for  making  coloured  opaque 
glazes,  some  of  which  are  now  reproduced.  It  may  be 
mentioned  that  the  shades  can  of  course  be  modified  at 
convenience,  in  two  different  ways.  According  to  one  system, 
the  colour  is  deepened  by  increasing  the  amount  of  pigment 
in  proportion  to  the  other  ingredients,  a  lighter  shade  being 
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obtained  by  the  converse  procedure.  In  the  second  system  a 
fairly  deep  colour  is  prepared,  and  is  then  lightened  by  the 
addition  of  white  glaze,  or,  in  the  case  of  colours  to  be  applied 
with  the  brush,  a  certain  quantity  of  colourless  flux. 


Recipes  for  Coloured  Opaque  Glazes. 

( For  Crockery  and  Tiles.) 

YELLOW  GLAZES. 

The  handsomest  pure  yellow  is  obtained  by  adding  antimony 
oxide  to  the  other  constituents  of  the  glaze  mass,  the  pro¬ 
portions  being  90-95  parts  of  white  glaze  and  5-10  parts  of 
antimony  oxide. 

Y  ellow  with  a  reddish  tinge  is  obtained  in  the  same  manner 
as  pure  yellow,  with  the  difference  that  a  certain — though  in 
any  case  small — quantity  of  ferric  oxide  is  used  along  with  the 
antimony  oxide.  Very  handsome  intermediate  shades,  from 
pure  yellow  to  a  fairly  brilliant  red,  can  be  produced  by 
gradually  increasing  the  proportion  of  ferric  oxide. 

Yellow  green  (Pistachio  green)  is  prepared  from  94-95  parts 
of  white  glaze,  2-4  parts  of  antimony  oxide,  and  2-4  parts  of 
cupric  oxide.  Here,  as  in  all  cases  where  two  pigmentary 
oxides  arc  used,  a  great  variety  of  shades  is  obtainable  by 
modifying  the  relative  proportions  of  the  pigments.  In  the 
present  instance  shades  with  a  yellow  tinge  on  the  one  hand,  and 
a  decidedly  green  cast  on  the  other,  can  be  obtained  in  this  way. 

BLUE. 

A  blue  shade  is  developed  with  smalt,  1-2  parts  by  volume 
of  the  latter  being  taken  to  3  of  white  glaze. 

BLUE-GREEN. 

Calcine  (from  1  part  of  tin  to  5  of  lead)  .  1  part  by  vol. 

Sand  .......  4 
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Common  salt  .... 

2  parts  by  vol 

Cupric  oxide  .... 

1 

Smalt  ...... 

0-62  „ 

REDDISH  YELLOW. 

Calcine  (1  part  tin,  5  lead) 

1  part  by  vol. 

Sand  ...... 

9 

Common  salt  .... 

1-5  „ 

Ferric  oxide  (hammer  scale)  . 

1 

Smalt  ...... 

0.02  „ 

IRON  GREY. 

Calcine  (tin  1,  lead  5)  . 

1  part  by  vol. 

Sand  ...... 

1 

Common  salt  .... 

1-5  „ 

Spathic  ironstone  (roasted) 

9 

^  J  J 

Manganese  oxide  .... 

o-i  „ 

PAINTING  WHITE-GLAZED  WARE. 

As  already  mentioned,  the  best  effects  in  painting  earthen¬ 
ware  coated  with  white  tin  glaze  are  obtained  by  dipping  the 
ware  in  the  glaze,  allowing  the  latter  to  dry,  then  applying  the 
colours  (mixed  with  water),  and  finally  baking  the  ware  so  that 
the  glaze  melts  and  the  colour  sinks  into  it  to  a  certain  depth. 

Painting  unbaked  ware  is,  however,  a  task  entailing  great 
skill  on  the  part  of  the  operator,  and  consequently  is  restricted 
to  fine  ware,  the  general  practice  being  to  fuse  the  glaze  on  the 
ware  first,  and  then  paint  the  design,  as  is  usual  in  porcelain 
painting,  except  in  the  case  of  colours  fired  at  the  highest 
temperatures. 

To  facilitate  the  fusing  of  the  colours  on  the  white  glaze, 
they  must  be  incorporated  with  a  fusible  glaze  or  flux, 
prepared  in  the  following  manner  : — 

A  lead  glass,  with  the  composition  PbO,  Si02,  is  made  by 
fusing  together  228  parts  by  weight  of  red  lead  and  60  parts 
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of  quartz  sand.  The  red  load,  sand,  and  pigment  must  be  first 
converted  into  very  fine  powder,  then  intimately  mixed  in 
suitable  proportions,  and  melted  down  quickly,  preferably  in  a 
crucible  that  has  been  prepared  by  coating  the  interior  with 
a  thick  solution  of  water  glass,  dusting  this  coating  over  with 
finely  ground  quartz  meal,  and  drying  the  whole.  The  crucible 
is  next  exposed  to  strong  heat,  to  form  a  refractory  glaze  on  the 
inner  surface,  and  thus  prevent  any  staining  of  the  flux  by 
pigmentary  substances  contained  in  the  body  of  the  crucible. 

When  the  mixture  of  red  lead,  quartz  sand,  and  pigment  is 
fused,  the  mass  is  granulated  by  pouring  it  quickly  into  water, 
and  is  then  ground  very  fine. 

It  is  also  advisable  to  prepare  a  stock  of  the  flux  without 
any  admixture  of  pigment,  the  powdered  mass  being  then 
available  for  lightening  dark  colours,  its  colourless  nature 
enabling  this  to  be  done  by  simple  mixing. 

The  pigments  used  for  colour  effects  on  white  glaze  are  the 
following : — 

Yellow  :  Potassium  antimonate  and  ferric  oxide. 

Red :  Red  bole. 

Pink  to  purple  :  Gold  ruby  glass. 

Green  :  Cupric  oxide  or  chromic  oxide. 

Blue  :  Cobalt  oxide  (zaffre). 

Violet :  Manganese  oxide,  manganese  dioxide. 

Grey :  A  mixture  of  cupric  oxide,  manganese  oxide,  ferric 
oxide  and  cobalt  oxide. 

Black :  The  same  mixture  as  for  grey,  but  in  such  larger 
quantity  that  black  is  obtained  instead  of  dark  grey. 

Cheapness  being  a  necessity  for  pigments  intended  for 
white-glazed  ware,  impure  materials  are  frequently  used,  e.g. 
copper  hammer  scale  in  place  of  pure  cupric  oxide,  and  zaffre 
instead  of  cobalt  oxide.  But  since  these  substances  do  not 
contain  the  oxides  in  a  pure  state,  the  colours  are  always  less 
handsome  and  bright  than  when  the  pure  materials  are 
5 
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employed,  and  the  higher  cost  of  the  latter  will  certainly  he 
repaid  by  the  superior  appearance  of  the  ware. 

A  number  of  recipes  for  pigments  to  he  used  on  white- 
glazed  ware  are  to  be  found  in  various  books  and  papers,  but 
they  are  of  little  value  to  the  practical  man,  since  it  is  purely 
accidentally  that  they  yield  the  desired  tone.  It  is  therefore 
advisable  for  every  maker  to  prepare  a  collection  of  standard 
samples,  which  can  be  easily  done  by  weighing  out  the 
ingredients  carefully.  By  altering  the  relative  proportions 
of  the  constituents,  different  tones  of  the  same  colour  can  be 
obtained,  and  it  will  then  be  easy  to  ascertain  the  exact 
proportions  to  use  to  obtain  a  given  shade. 

COLOURED  LUSTRES. 


Fine  ware  is  occasionally  decorated  with  lustres,  which 
impart  a  handsome  metallic  sheen.  This  effect  is  obtained  by 
applying  to  the  surface  of  the  ware  a  mass  containing  compounds 
of  easily  reducible  metals,  and  firing  the  ware  at  low  red  heat 
in  a  reducing  atmosphere.  This  causes  the  reduction  of  the 
metals,  which  then  firmly  adhere  to  the  ware  as  a  very  thin 
film.  The  firing  must  be  carried  on  in  a  muffle  traversed  by 
reducing  gases. 

GOLD  LUSTRE. 


Either  of  the  following  recipes  will  furnish  a  gold  lustre  : — 


Copper  sulphide 
Ferric  sulphide 
Silver  sulphide 
Bed  ochre 


10  parts. 


5 

1 


J5 


12 


II. 

Copper  sulphide 
Silver  nitrate 
Ferric  oxide 
Red  bole 


5  parts. 


9 
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COPPER  LUSTRE. 

This  lustre,  which  gives  the  very  handsome  red  of  polished 
copper,  is  prepared  from — 


I. 

Copper  sulphide 
Tin  oxide 
Lampblack 
Yellow  ochre 


5  parts. 


II. 

Cupric  oxide  . 

Ferric  oxide  . 

Colcotliar 
Eed  bole 


8  parts. 

5  „ 

6  „ 

6  „ 


The  ingredients  are  mixed  with  vinegar  and  ground  to  a 
fine  meal,  which  is  mixed  to  workable  consistency  with  vinegar 
and  laid  on  thickly.  After  leaving  to  dry  slowly,  and  filling 
up  any  cracks  that  may  have  formed  in  the  mass,  the  ware  is 
fired  in  the  muffle  at  low  red  heat.  The  lustre  mass  then 
appears  as  a  black,  loosely  adherent  coating,  which  on  removal 
with  a  brush  and  soft  rag,  leaves  the  handsome,  metallic,  golden 
yellow  or  red  lustre  exposed. 

At  present  many  producers  of  ceramic  ware  turn  out  art 
pottery  made  of  comparatively  inferior  clay,  but  possessing  all 
the  appearance  of  good  porcelain,  though  much  lower  in  price. 
The  only  way  in  which  this  result  can  be  obtained  is  by  exercis¬ 
ing  great  care  in  using  very  well-made  moulds,  so  as  to  prevent 
the  contours  losing  their  sharpness.  A  second  important  factor 
consists  in  the  employment  of  a  perfect,  white  glaze  of  good 
covering  power,  that  must  be  uniformly  melted.  Finally,  care 
must  be  taken  to  use  none  but  fine  colours,  of  perfectly  pure 
tone,  for  the  painting.  The  same  applies  to  the  colours  used  in 
printing  or  applying  transfers  to  the  glazed  ware. 
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GLAZES  FOR  FINE  STONEWARE  AND  WEDGWOOD. 


Fine  stoneware  belongs  to  the  most  valuable  class  of  ceramic 
products,  being  characterised  by  the  possession  of  certain 
properties  which  place  it  far  above  ordinary  pottery.  It  is 
always  made  of  fine,  white-burning  clay,  and  is  so  compact  in 
structure  as  to  be  impervious  to  water,  even  in  an  unglazed 
state. 

The  hardness  of  good  stoneware  is  so  great  that  it  will 
strike  sparks  with  steel,  and  exhibits  a  fine-grained,  conchoid 
fracture.  The  chief  difference  between  this  stoneware 
and  the  highest  products  of  the  ceramic  art  is  that  the 
former  is  perfectly  opaque,  whereas  thin  porcelain  is 
translucent. 

Fine  stoneware  is  frequently  glazed  with  earthy  glazes,  but 
more  usually  with  transparent  glazes  of  high  lustre,  especially 
in  the  case  of  ware  intended  to  be  coloured.  In  most  of  these 
glazes  a  portion  of  the  silica  is  replaced  by  boric  acid,  and  they 
are  more  lustrous,  as  well  as  more  fusible  and  fluid  when  melted, 
than  those  containing  only  silicates.  The  following  new 
recipes  for  these  glazes  are  used  in  works  making  a  specialty  of 
fine  stoneware  articles  de  luxe.  This  fine  ware  can  also  be 
used  as  table  ware,  and  should  therefore  never  be  glazed  with 
lead  glazes. 


Lustrous  Glazes  for  Fine  Stoneware. 


Borax 

Kaolin 

Chalk 

Felspar 

Quartz 

Calc  spar 

Red  lead 


FRITTS. 


I. 

II. 

35 

15 

5 

26 

12 

38 

12 

10 

30 

8 

22 

Coloured  Glazes 

GLAZE  MASSES. 

I. 

II. 

Fritt  . 

20 

Chalk 

25 

2 

Felspar 

6 

Kaolin 

30 

2 

Quartz 

.  .  .  25 

4 

White  lead  . 

17 

The  glaze  mass  II.  is  suitable  only  for  ware  other  than  table 
ware  or  domestic  utensils,  since  it  is  very  high  in  lead. 


CHAPTER  VI. 


Engobes  and  Glazes  for  Same. 


0  impart  a  different  colour  to  ware  made  from  clay,  the 


colour  of  which  is  spoilt  in  the  firing  by  the  presence  of 
impurities,  recourse  is  had  to  an  artifice  known  as  engobage. 
This  consists  in  coating  the  inferior  ware  with  a  mass  which 
may  be  either  white,  or  coloured  in  any  desired  way.  It  is 
not,  however,  feasible  to  employ  any  kind  of  engobe  slip  on 
any  kind  of  ware  indiscriminately,  an  essential  condition  being 
that  both  the  body  of  the  ware  and  the  engobe  should  behave 
alike  at  all  temperatures.  Otherwise,  the  engobe  slip  after  firing 
would  exhibit  the  same  peculiarities  as  are  observed  in  the  case 
of  glazes  that  do  not  expand  and  contract  in  harmony  with 
the  ware ;  and,  in  fact,  being  thicker,  the  engobes  would 
not  only  crack,  but  break  off  in  lumps  from  the  underlying 


ware. 


In  making  earthenware  for  slip  decoration,  the  lightest 
coloured  clay  obtainable  should  be  used  for  the  body,  since  in 
this  case  very  pale  engobes  can  be  used,  and  ware  of  handsome 
appearance  produced.  In  the  case  of  lower  class  ware, 
especially  cheap  tiles  for  building  purposes,  there  is  a  greater 
range  of  choice,  darker  coloured  engobes  being  generally  used 
and  laid  on  more  thickly. 

The  chief  point  in  making  engobe  slip  is  to  use  as  much  as 
possible  of  the  same  clay  as  that  of  which  the  body  of  the  ware 
is  composed.  This  clay  must  be  well  levigated  and  then  mixed 
with  the  colouring  matters  until  the  desired  shade  is  attained. 
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A  sample  of  the  body  is  then  applied  to  a  lightly  baked  piece 
of  ware  and  fired. 

If  the  engobe  has  the  proper  composition  it  will  attach  itself 
firmly  to  the  ware,  and  retain  its  cohesion  even  under  the 
strongest  fluctuations  of  temperature.  If,  however,  it  cracks 
or  springs  off  under  these  conditions,  it  is  evident  that  the  co¬ 
efficient  of  expansion  of  the  engohe  does  not  coincide  with  that 
of  the  body  of  the  ware.  In  such  event  the  remedy  must 
be  sought  on  the  same  lines  as  in  the  case  of  defective  glazes, 
namely,  by  slightly  increasing  the  proportion  of  refractory  or 
fusible  material,  as  the  case  may  be,  a  few  trials  being  sufficient 
to  attain  the  desired  concordance  between  engobe  and  body. 

Various  substances  are  used  for  colouring  engobes.  For 
making  cheap  white  ware,  especially  tiles,  containing  no  tin 
glaze  and  therefore  far  less  expensive  to  produce,  the  engobe 
should  be  lightened  in  colour  by  additions  of  white  clay. 

If  the  test  sample  of  engobe  turns  out  too  yellow  in  shade 
when  baked  (owing  to  the  presence  of  small  quantities  of  ferric 
oxide  in  the  white  clay),  this  can  be  corrected  to  a  certain 
extent  by  adding  a  very  small  amount  of  smalt  (the  exact 
quantity  being  ascertained  by  experiment),  which  has  a  com¬ 
pensating  influence  on  the  yellow  and  gives  the  mass  a  fine 
white  appearance. 

For  yellow,  small  quantities  of  antimony  oxide  are  used,  a 
very  fine  range  of  shades  being  obtainable  by  a  skilful  com¬ 
bination  of  antimony  oxide  and  ferric  oxide.  Fed  bole  is  used 
for  red;  chrome  oxide,  or  chrome  yellow,  and  cupric  oxide  for 
green ;  smalt  for  blue ;  pure  manganese  dioxide  for  violet ;  a 
very  little  chromic  oxide  with  manganese  dioxide  for  grey ; 
and  large  quantities  of  a  mixture  of  manganese  dioxide  and 
ferric  oxide  for  black.  All  gradations  of  tone  can  be  obtained 
by  a  skilful  combination  of  differently  coloured  pigments. 

The  engobe  body  is  mixed  with  water  to  form  a  slip,  and  in 
this  the  ware  is  dipped,  after  having  been  lightly  baked,  since 
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air-dry  ware  lacks  the  necessary  absorbent  power.  The  applica¬ 
tion  of  engobes  requires  a  certain  amount  of  skill,  so  that  all 
parts  of  the  ware  may  be  covered  evenly  with  the  engobe. 

'As  soon  as  the  engobe  is  dry,  the  ware  may  be  fired,  the 
finished  pieces  then  having  a  matt  surface  and  the  same  colour 
as  the  engobe.  If  the  ware  is  intended  to  hold  liquids,  it 
must  be  glazed,  being  otherwise  too  porous  for  this  purpose. 
Colourless  glazes  are  always  used;  and  those  for  ware  or 
utensils  destined  to  hold  food  must  be  free  from  lead  com¬ 
pounds. 

Tiles  faced  with  white  engobe  must  always  be  glazed,  or 
they  will  appear  dull  and  devoid  of  lustre.  A7ery  fine  colour 
effects  can  be  obtained  Avith  the  coloured  transparent  glazes  on 
white  engobe  tiles,  especially  when  very  richly  coloured  glazes 
are  used. 


POLVCHROAIE  ENGOBES. 

Since,  as  already  mentioned,  engobes  can  be  prepared  in  any 
desired  colours,  they  may  also  be  employed  in  the  manufacture 
of  artistic  ceramic  products,  especially  mosaic  pavement ;  and 
such  progress  has  been  made  in  this  connection  that  mosaic 
patterns  can  now  be  produced  in  this  way,  surpassing  the  finest 
antique  mosaics  in  beauty  of  colour  and  richness  of  design,  and 
producing  the  impression  of  coloured  carpets. 

This  class  of  decorative  ware  can  be  produced  in  various 
ways.  A  simple  method,  which  gives  very  handsome  results 
when  carefully  performed,  consists  in  pressing  the  clay  forming 
the  fundamental  substance  of  the  mass,  so  that  the  design  to 
be  reproduced  by  means  of  the  engobe  mass  is  slightly  im¬ 
pressed  into  the  surface  of  the  tiles. 

In  order  to  fill  up  the  impression  Avith  different  coloured 
engobe  masses,  use  is  made  of  funnels  with  narroAV  discharge 
apertures  provided  Avith  valves  for  regulating  the  outflow  of  the 
engobe  slip  and  stopping  the  same  immediately  when  required. 
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Strong  pressure  is  employed  in  pressing  the  clay  tiles,  and 
any  that  shrink  are  thrown  out.  To  reduce  the  percentage  of 
wasters,  the  tiles  must  be  allowed  to  dry  for  a  considerable 
time,  and  be  fired  at  a  gradually  increasing  temperature. 

On  applying  the  engobes,  as  described  above,  the  well-baked 
clay  tiles  absorb  the  moisture  rapidly,  so  that  the  thin  slip 
soon  thickens  on  coming  in  contact  with  the  tiles.  The 
quantity  applied  is  such  that  the  slip  at  first  stands  up  in 
slight  relief,  but  quickly  shrinks  owing  to  the  absorption  of 
the  moisture  by  the  tiles. 

When,  as  is  generally  the  case,  a  large  number  of  tiles  are 
made  of  the  same  design,  each  differently  coloured  engobe  is 
applied  by  a  different  workman,  the  tiles  being  passed  from 
hand  to  hand  for  this  purpose.  This  operation  having  been 
completed,  each  tile  is  examined  by  another  man,  who  re¬ 
pairs  any  defects  in  the  engobes  and  makes  the  tiles  perfect. 
The  defects  in  question  consist,  for  instance,  in  some  part  of 
the  impressed  design  not  having  been  properly  filled  with 
engobe,  or  the  engobe  having  been  incorrectly  distributed,  or 
again  overfilled  so  as  to  project  above  the  surface  of  the  tile. 
At  this  stage  of  the  process  the  engobes  will  already  be  fairly 
dry,  and  any  surplus  can  be  readily  removed  with  a  cutting 
tool,  projecting  parts  pared  down,  etc. 

The  tiles  are  then  ready  for  baking  as  soon  as  the  engobes 
are  completely  dry.  It  is,  of  course,  assumed  that  the  engobes 
have  all  the  same  expansion  and  shrinkage  as  the  tiles  them¬ 
selves,  since  otherwise  they  would  crack,  or  even  spring  away 
from  the  substratum  when  fired.  When  the  right  quantities 
of  engobe  have  been  used,  the  baked  tiles  will  be  perfectly 
level  on  the  surface;  but  if  this  condition  is  not  quite  realised, 
any  slight  excrescences  can  be  removed  by  lightly  grinding  the 
surface. 

To  obtain  a  background  of  any  desired  colour  for  the  design, 
either  the  tiles  must  be  made  of  a  suitably  coloured  clay  body, 
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or,  which  is  cheaper,  of  ordinary  clay,  that  hakes  red  or  yellow, 
faced  with  a  thin  layer  of  clay  body  of  the  desired  shade 
This  layer  may  be  of  natural  clay,  if  available,  or  else  be 
coloured  by  the  addition  of  suitable  metallic  oxides.  The 
colours  used  for  backgrounds  are  mostly  black,  grey,  red,  green, 
blue,  or  occasionally  yellow. 

Black  is  obtained  by  adding  a  mixture  of  ferric  oxide  and 
manganese  oxide,  the  brownish  tinge  of  which  can  be  changed 
into  deep  black  by  means  of  a  small  quantity  of  cobaltic  oxide. 
Grey  is  obtained  by  using  a  smaller  quantity  of  the  same  oxides 
in  conjunction  with  a  white  burning  clay;  or  powdered  basalt 
or  chrome  ironstone  can  be  used  when  available. 

Blue  can  be  prepared  in  a  variety  of  tones  by  the  aid  of 
cobaltic  oxide,  alone  or  incorporated  with  zinc  oxide  and  alum 
by  roasting. 

Pure  green  is  obtained  by  using  chromic  oxide,  and  may  be 
shaded  with  cobalt  oxide  or  yellow-burning  clay.  This  latter 
is  generally  used  for  producing  a  dull  yellow  ground  colour 
which  is  well  adapted  for  showing  up  bright  designs. 

Red  is  obtained  by  means  of  clays  that  turn  very  dark  red 
when  baked,  or  else  adding  ferric  oxide  to  clays  that  burn  light 
red. 

White-burning  clays  are  used  for  white,  an  addition  of  tin 
oxide  being  occasionally  given  in  the  case  of  better  quality 
ware. 

Brown  is  obtained  from  red-burning  clay  with  an  addition  of 
manganese  oxide. 

Care  must  be  taken  in  moulding  the  tiles,  that  the  clay  is 
only  just  moist  enough  to  mould,  under  heavy  pressure,  into  a 
plate  with  the  necessary  cohesion,  and  one  that  will  take  a 
very  sharp  impression  of  the  pattern  die.  This  precaution 
affords  the  best  means  of  avoiding  distortion  of  the  tiles  in 
drying  and  baking,  and  presents  the  advantage  that  the  dried 
tiles  will  readily  absorb  the  moisture  in  the  engobe  slip,  so 
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that  when  the  latter  has  been  applied,  any  excess  of  .same  can 
be  easily  removed,  and  the  tiles  will  be  dry  in  a  very  short 
time. 

Recently,  also,  the  tiles  have  been  made  by  dry  pressing,  a 
method  entailing  the  use  of  exceedingly  strong  presses,  nearly 
always  operated  by  hydraulic  power. 

In  such  case  the  method  of  producing  coloured  patterns  is 
as  follows  : — The  coloured  clay  bodies  forming  the  pattern  are 
applied  to  a  base-plate  by  the  aid  of  sheet  metal  stencils,  and 
when  this  has  been  done,  an  iron  frame  is  placed  in  position 
and  filled  to  a  given  height  with  the  finely  powdered  clay 
forming  the  body  of  the  tile.  An  iron  cover  plate,  fitting 
into  the  frame,  is  then  laid  on  the  clay,  and  pressure  is  applied. 
At  first  the  pressure  does  not  exceed  30  atmospheres,  in  order 
to  allow  the  air  to  escape  from  between  the  particles  of  clay ; 
but  afterward  the  pressure  is  raised  to  at  least  200  atmospheres. 
The  tiles  made  in  this  way  are  distinguished  by  extreme  hard¬ 
ness  and  cohesive  power. 

GLAZES  PROOF  AGAINST  THE  INFLUENCE  OF  CHEMICALS. 

Large  quantities  of  stoneware,  in  the  form  of  retorts,  boiling 
pans,  etc.,  are  used  in  chemical  industries,  and  must,  as  a 
fundamental  condition,  be  able  to  withstand  the  influence  of 
chemicals  such  as  acids  and  alkalis.  The  cost  of  porcelain 
glazes  being  prohibitory  for  such  ware,  the  only  way  to  secure 
the  desired  resistance  is  to  employ  a  glaze  consisting  of  a  highly 
refractory  glass,  exceedingly  rich  in  silica,  glass  of  this  type 
being  best  able  to  resist  the  action  of  strongly  alkaline  liquids. 

These  glazes  may  be  applied  in  the  usual  way  by  firing  a 
glaze  of  suitable  composition  on  the  ware  ;  but  the  same  object 
may  be  more  easily  and  cheaply  attained  by  throwing  salt  into 
the  kiln  at  a  certain  stage  of  the  baking  process,  the  finished 
ware  then  acquiring  a  very  thin  but  highly  resistant  film 
of  glaze. 
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The  reaction  producing  the  formation  of  salt  glaze  is  as 
follows  :  — 

The  body  of  the  ware  consists  of  clay  that  is  very  rich  in 
silica.  When  the  vapour  of  common  salt  (sodium  chloride), 
accompanied  by  steam,  comes  in  contact  with  the  mass  of 
glowing  clay,  the  salt  is  decomposed  into  sodium  oxide  and 
gaseous  hydrochloric  acid,  the  former  entering  into  immediate 
combination  with  the  silica  and  the  basic  compounds  (alumina) 
in  the  clay,  to  form  an  alumina-soda  glass  very  rich  in  silica. 

The  steam,  which  evidently  plays  an  important  part  in  this 
reaction,  is  present  as  a  constituent  of  the  fire  gases  surrounding 
the  ware  in  the  kiln,  and  is  always  in  sufficient  quantity  for  the 
purpose.  The  salt  must  not  be  thrown  into  the  kiln  until  the 
ware  has  already  reached  such  a  high  temperature  as  to  make  it 
very  close  in  texture,  since  otherwise  the  acid  vapours  would 
penetrate  into  the  substance  of  the  ware  and  destroy  its 
cohesion. 

When  the  kiln  is  very  hot,  the  fire  is  stoked  so  as  to  burn 
fiercely,  and  a  portion  of  the  salt  is  thrown  into  the  furnace. 
Dense  vapours  of  salt  are  quickly  formed,  and  these  pass  along 
with  the  fire  gases  into  the  kiln  and  act  on  the  clay  in  the 
manner  described.  To  prevent  the  salt  vapour  escaping  too 
quickly,  the  damper  leading  from  the  kiln  to  the  flue  is  nearly 
closed  during  the  vaporisation  of  the  salt. 

The  quantity  of  salt  used  depends  on  the  size  of  the  kiln. 
It  is  preferably  added  in  three  or  four  equal  portions,  with 
intervals  of  about  half  an  hour  between.  When  the  last  portion 
has  been  added,  the  kiln  is  closed  entirely,  and  the  glazed  ware 
allowed  to  cool  down. 


CHAPTER  VII. 


Porcelain  Glazes. 


ORCELAIN  is  the  highest  of  all  ceramic  products,  and 


L  differs  mainly  from  all  the  others  in  being  translucent 
when  thin,  without,  however,  being  transparent  in  the  true 
sense  of  the  word.  This  peculiarity  is  due  to  the  fact  that 
porcelain  chiefly  consists  of  a  fused,  or  at  least  highly  sintered, 
fundamental  mass  in  which  extremely  fine  granules  of  an 
opaque  substance  are  embedded.  The  matrix  would  be 
perfectly  transparent,  like  glass,  were  it  not  reduced  to  a 
translucent  state  by  the  minute  particles  of  the  white  substance 
in  question,  namely,  kaolin.  Another  quality  shared  by  all 
kinds  of  porcelain  is  the  pure  white  colour  of  the  ware,  owing 
to  the  exclusive  use  of  pure  white  kaolin  in  its  production. 

The  innumerable  experiments  carried  out  in  connection  with 
the  preparation  of  porcelain  body,  to  equal  that  of  Chinese 
porcelain,  led  to  the  preparation  of  various  types  of  body,  all 
entitled  to  be  considered  as  porcelain,  and  far  superior,  in 
their  characteristics,  to  the  best  Chinese  ware.  A  distinction 
is  drawn  between  two  main  types,  namely,  hard  porcelain  and 
soft  porcelain. 

Hard  porcelain  is  characterised  by  containing  a  large  pro¬ 
portion  of  kaolin  and  only  very  little  fusible  matter,  generally 
nothing  but  felspar.  Owing  to  this  composition,  hard  porcelain 
possesses  great  heat-resisting  properties,  and  is  able  to  stand  the 
highest  temperatures  obtainable  in  the  kiln  without  melting  or 
even  sintering.  It  forms,  when  fired,  an  extremely  hard  mass, 
which  will  strike  sparks  with  steel,  and  plainly  reveals,  under 
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the  microscope,  the  presence  of  white  opaque  particles  embedded 
in  a  fused  glassy  mass. 

The  better  kinds  of  soft  porcelain  contain  the  same  con¬ 
stituents  as  hard  porcelain,  hut  not  in  the  same  proportion, 
the  fusible  ingredients  being  present  in  larger  amount.  Con¬ 
sequently,  this  class  of  porcelain  will  not  stand  the  same  high 
temperatures  as  hard  porcelain,  the  ware,  not  exactly  melting, 
but  sintering  and  collapsing,  when  exposed  to  the  highest 
temperatures  of  the  porcelain  kiln.  The  hardness  of  soft 
porcelain  is  also  very  considerable,  and  its  name  refers  not 
to  its  actual  degree  of  hardness,  but  to  the  relative  fusibility  in 
comparison  with  hard  porcelain.  It  should  also  be  mentioned 
that  makers  of  soft  porcelain  are  now  more  and  more  frequently 
employing  substances  that  do  not  enter  into  the  composition 
of  hard  porcelain,  the  object  being  to  reduce  the  cost.  In 
consequence  of  these  additions  the  product  often  resembles 
matt  glass  rather  than  true  porcelain. 

So  far  as  the  glazes  used  on  porcelain  are  concerned,  it  will 
be  evident  that  those  for  hard  porcelain  must  be  different  from 
those  for  the  soft  variety.  Great  hardness  and  absolute 
resistance  to  high  temperatures  and  all  chemical  influences 
being  among  the  most  valuable  properties  of  good  porcelain, 
it  is  self-evident  that  the  glazes  used  for  same  must  be  of  a 
composition  giving  the  same  properties,  in  point  of  resisting 
power,  as  the  body  of  the  ware. 

Furthermore,  since  fine  porcelain  ware  is  nearly  always 
decorated  with  colours,  it  becomes  essential  that  good  glaze  for 
hard  porcelain  must  be  highly  lustrous  and  of  such  a  character 
that  it  can  be  painted  on  with  colours. 

Glazes  for  soft  porcelain  require  to  be  fusible  at  comparatively 
low  temperatures,  and  therefore  approximate  more  to  the  stone¬ 
ware  glazes,  felspar  glazes  being  unsuitable.  In  fact,  some 
makers  content  themselves  with  lead  glaze  that  melts  at  a 
very  moderate  heat. 
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GLAZES  FOR  HARD  PORCELAIN. 

In  chemical  composition,  the  glazes  for  hard  porcelain  consist 
of  a  very  refractory  glass,  composed  of  silicates  of  alumina  and 
lime.  In  certain  cases  an  addition  of  alkalis  or  magnesia  is 
also  given. 

One  of  the  chief  tasks  of  porcelain  glaze  being  to  preserve 
the  pure  white  colour  of  the  ware,  the  ingredients  of  the  glaze 
must  he  selected  with  extreme  care,  and  the  raw  materials  be 
tested  for  the  presence  of  iron  compounds,  since  very  minute 
traces  of  these  latter  will  suffice  to  give  the  glaze  a  yellow  tinge 
instead  of  remaining  colourless. 

The  glaze  may  be  either  compounded  direct  from  iron-free 
quartz  sand  and  kaolin,  plus  felspar  and  white  marble,  or  the 
mass  is  treated  with  a  certain  percentage  of  finely  ground,  un¬ 
glazed  porcelain,  prepared  by  grinding  and  levigating  the  wasters 
from  the  porcelain  kiln.  Some  makers  also  include  gypsum  or 
magnesia  in  the  composition  of  their  glazes. 

The  appearance  of  these  glazes  differs  according  to  their 
chemical  composition.  Those  rich  in  lime  form  a  perfectly 
colourless  glaze  when  fused,  whereas  those  containing  felspar 
are  always  more  or  less  milky  in  appearance  and  never  perfectly 
transparent.  For  certain  purposes,  and  especially  when  the 
ware  is  to  he  decorated  in  colours,  these  cloudy  felspar  glazes 
are  preferred  as  tending  to  soften  the  outlines  of  the  decoration, 
whilst  the  ware  coated  with  lime  glazes  has  a  harder  look. 

For  these  reasons,  lime  glazes  are  generally  used  only  for 
ordinary  tableware,  which  is  either  left  quite  plain  or  only 
slightly  decorated  with  colours.  The  felspar  glazes  are  almost 
exclusively  used  for  fine  table  ware  to  be  lavishly  decorated 
in  colour  and  gilding,  as  well  as  for  painted  art  pottery. 

The  addition  of  a  certain  relatively  small  quantity  of 
calcium  carbonate  or  gypsum  to  pure  felspar  glaze  causes  the 
milky  appearance  to  disappear  entirely,  a  perfectly  transparent 
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glass  being  obtained.  These  products  are  known  as  “  mixed 
glazes,”  and  are  advantageously  used  in  many  works.  How¬ 
ever,  since  it  is  not  easy  to  ascertain  precisely  the  amount  of 
lime  necessary  for  producing  transparency,  these  mixed  glazes 
have  been  abandoned  in  many  cases,  and  replaced  by  pure 
lime  glazes,  or  such  as  contain  a  small  quantity  of  alkalis  as  well. 

COMPOSITION  OF  MIXED  GLAZES  FROM  BOHEMIAN  POTTERIES. 


I. 

II. 

III. 

Kaolin  . 

9-5 

7-0 

8-0 

Quartz  (calcined) 

34-5 

32-0 

27-0 

Half-baked  sherds  . 

5  0 

16-5 

Sherds  . 

11  *5 

8-0 

Limestone 

12-0 

11-0 

16-5 

Felspar  . 

32-5 

37-0 

320 

N.B.  Half-baked  sherds  are  those  from  imperfectly  fired 
ware,  the  other  sherds  being  from  ware  that  has  been  exposed 
to  the  full  heat  of  the  kiln.  Both  are  ground  fine  before  use. 


COMPOSITION  OF  LIME  GLAZES  ON  ORIENTAL  PORCELAIN. 


Origin. 

RO 

:  R,03  : 

Si02 

R20  : 

:Si02 

Japan 

1 

:  L00  : 

8-91 

1  : 

:  8-04 

Japan 

1 

:  L00  : 

10-00 

1 

:  8-54 

Japan  (Kioto) 

1 

:  L24  : 

:  10-34 

1 

:  9-00 

China  (Celadon) 

1 

:  0-52  : 

3-82 

1 

:  7-35 

China  (white) 

1 

:  0-58  : 

4-57 

1 

:  6-67 

COMPOSITION  OF  FELSPAR  GLAZES  ON  FRENCH  AND  GERMAN 
PORCELAIN. 


Origin. 

RO 

R203 

Si02 

R2Oa 

Si02 

Berlin  (Old) 

1 

1-00 

8*91 

1 

8-91 

Berlin  (New) 

1 

1-00 

1000 

1 

10-00 

Sevres 

1 

1-07 

7-45 

1 

7'00 

Limoges 

1 

1-24 

10-84 

1 

8-74 

Limoges  . 

1 

1-12 

9-58 

1 

8-55 

N.B. — RO  =  potash,  soda,  lime,  magnesia  (as  fluxing  medium), 
K003  =  alumina  or  ferric  oxide. 
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COMPOSITION  OP  GLAZES  USED  IN  THE  ROYAL  PORCELAIN  WORKS, 
BERLIN,  FOR  THE  FOLLOWING  PORCELAIN  BODIES. 


Pure 

Bowl 

Insulator 

Service 

Body. 

Bodies. 

Body. 

Bodies. 

I. 

II. 

I. 

II. 

III. 

Halle  kaolin 

.  77-0 

62  3 

55-0 

50-4 

60-0 

42-0 

22-4 

Halle  clay 

15-6 

27-5 

31-5 

21-5 

44-8 

Zettlitz  kaolin 

18-0 

17-2 

16-2 

Felspar 

.  23-0 

22-1 

17-5 

18*1 

22-0 

19-3 

16  6 

The  mineral 

composition  of  the  bodies  is  as 

i  follows : — 

Clay 

.  49-0 

50-0 

54-0 

53-0 

55-0 

57-5 

60-5 

Quartz 

.  28-0 

28-0 

28-0 

29-0 

22-5 

22-5 

22-5 

Felspar 

.  230 

22-0 

18-0 

18-0 

22-5 

20-0 

17-5 

With  regard  to  the  application  of  these  porcelain  bodies, 
the  so-called  “pure  body”  is  the  oldest  formula  used  in  the 
Berlin  works;  “howl  body”  is  used  specially  for  art  products 
such  as  figures  and  ornaments;  “bowl  body  II.”  serves  for 
large  pieces  in  tableware  and  chemical  utensils  (crucibles, 
dishes,  etc.);  “insular  body”  is  for  insulators;  and  the 
■“service  bodies  I.,  II.,  and  III.”  are  employed  chiefly  for 
small  pieces  of  tablewrare :  plates,  cups,  and  saucers. 

The  body  used  for  large  art  products,  such  as  vases,  statues, 
and  so  forth,  is  known  as  “sherd  body,”  and  is  made  by 
mixing  50  parts  of  Halle  clay,  10  parts  of  felspar,  and  40 
parts  of  sherds  from  baked  porcelain. 

The  glaze  used  on  all  these  bodies  has  the  composition — 


K20 

CaO 

MgO 


o-m 

0-67  -  AloOo.lOSiOo, 
0-22J 


and  is  prepared  from — 


Hohenboka  sand  . 

Kaschka  pottery  earth  . 

„  „  (baked) 

6 


105-6 

36-0 

14-0 
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Porcelain  sherds  from  baked  “pure  body”  .  20‘4 

,,  ,,  half-baked  ,,  .  20  '4 

Marble . 18-0 

Magnesite  .  .  .  .  .  .  .  5-0 


The  figures  given  in  the  foregoing  will  enable  the  composi¬ 
tion  of  different  glazes  to  be  ascertained  when  the  exact 
composition  of  the  available  raw  materials  (felspar,  kaolin,  etc.) 
has  been  determined  by  quantitative  chemical  analysis.  Once 
the  mixture  for  a  certain  glaze  is  known,  it  can  easily  be  made 
more  or  less  fusible,  in  the  manner  already  described. 

The  preparation  of  glazes  for  porcelain  entails  considerable 
care,  since  otherwise  a  perfect  biscuit  ware  may  be  easily 
transformed  into  wasters  in  the  glaze  kiln.  The  first  essential 
to  be  observed  is  that  all  the  ingredients  of  the  glaze  must  be 
very  finely  ground,  a  poAvder  that  will  not  pass  through  a 
sieve  containing  10,400  meshes  to  the  square  inch,  being  too 
coarse.  With  the  perfect  appliances  for  crushing  and  grinding 
now  at  disposal,  there  is  no  difficulty  in  reducing  the  glaze 
ingredients  to  the  necessary  finely  divided  state. 

In  making  a  new  glaze,  it  is  always  advisable  to  prepare  a 
sample  on  a  small  scale,  so  as  to  ascertain  Avhether  it  possesses 
the  requisite  properties.  Should  such  a  glaze  contain  over 
15  per  cent,  of  kaolin,  it  is  liable  to  shrink  so  much  in  drying  as 
to  craze  when  fired.  For  this  reason  it  is  a  general  practice,  in 
making  glazes  containing  more  than  the  above  quantity  of 
kaolin,  to  add  the  surplus  in  the  form  of  strongly  calcined  kaolin. 

Porcelain  glazes  are  used  in  a  state  of  suspension  in  water, 
and  before  each  time  of  use  must  be  stirred  up  Avith  a  paddle 
until  the  liquid  has  a  milky  appearance.  When  the  glaze  is 
left  unused  for  some  time,  it  sinks  to  the  bottom  of  the  pot, 
leaving  the  supernatant  liquid  perfectly  clear ;  and  Avhen  this 
happens,  it  is  a  matter  of  some  difficulty  to  disseminate  the 
sticky  sediment  in  the  Avater  again,  very  prolonged  stirring 
being  required  to  effect  this  result. 
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To  retard  this  tendency  to  settle  down,  it  is  advisable  to 
add  to  the  liquid  some  substance  that  will  increase  its  sp.  gr. 
and  enable  it  to  retain  the  fine,  solid  particles  longer  in  sus 
pension.  Ammonia  salts  can  he  specially  recommended  for 
this  purpose,  because  they  are  volatilised  at  a  low  temperature 
m  the  glaze  kiln.  Ammonium  nitrate  and  carbonate  have 
been  tried,  but  the  former  is  too  dear,  and  is  also  very  hygro¬ 
scopic,  thus  greatly  retarding  the  drying  of  the  glaze.  The 
carbonate  is  far  preferable,  because  the  greater  part  volatilises 
while  the  glaze  is  drying. 

Common  salt  is  used  in  many  works  for  this  purpose,  and 
crude  bay  salt  is  said  to  he  largely  used  by  French  potters. 
Salt,  however,  cannot  be  particularly  recommended,  since  it 
requires  a  fairly  high  temperature  to  ensure  volatilisation, 
and  until  that  is  reached  is  capable  of  exerting  a  detrimental 
effect  on  the  chemical  character  of  the  glaze.  Consequently, 
ammonium  carbonate  remains  the  best  means  for  increasing 
the  density  of  the  glaze  liquid. 

The  larger  the  proportion  of  water  used  with  the  glaze,  the 
thinner  will  be  the  coating  produced  in  dipping  the  biscuit 
ware.  A  difference  will  be  observed  between  strongly  and 
lightly  fired  biscuit,  the  former  being  less  porous  and  there¬ 
fore  absorbing  the  glaze  less  rapidly,  for  which  reason  it 
requires  to  be  dipped  in  a  thicker  glaze  (containing  less  water) 
than  that  used  for  the  more  porous,  lightly  baked  biscuit. 

The  thickness  of  the  glazing  liquor  also  depends  on  the 
chemical  character  of  the  glaze,  those  of  the  pure  felspar  class 
needing  to  be  applied  more  thickly  than  when  the  mixture 
contains  lime.  The  reason  for  this  is  that  the  felspathic 
glazes,  when  melted,  attach  themselves  firmly  to  the  porous 
ware  and  adhere  inseparably  thereto.  The  examination  under 
the  microscope  of  a  section  of  ware  with  felspar  glaze,  clearly 
reveals  the  line  of  demarcation  between  the  colourless  glaze 
and  the  pure  white  mass  of  the  ware  itself. 
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With  lime  glazes,  however,  the  alkaline  character  of  the 
glaze  sets  tip  a  chemical  reaction,  with  the  body  of  the  ware, 
during  the  firing  process,  a  portion  of  the  glaze  combining 
with  the  material  of  the  ware.  The  resulting  compound  is 
completely  fused  only  in  the  outer  layers,  adjoining  the  pure 
glaze,  and  is  merely  sintered  in  the  under  layers,  the  heat  there 
having  been  insufficient  to  properly  melt  the  silicates  rich  in 
alumina  and  silica.  Hence,  when  lime  glazes  are  used,  the 
stratum  of  glaze  actually  passes  into  the  body  of  the  ware,  and 
therefore  a  thinner  layer  can  he  applied  than  is  the  case  with 
felspar  glaze. 

The  pieces  taken  out  of  the  dipping  liquor  very  soon  lose 
their  gloss  and  resume  the  matt  appearance  of  unglazed  ware, 
the  water  being  quickly  absorbed  and  leaving  the  surface 
coated  with  the  glaze  powder.  This,  however,  sticks  so  firmly 
that  it  can  only  be  removed  with  a  cutting  tool.  The  pieces, 
especially  those  of  large  size,  are  now  examined  with  care,  any 
surplus  glaze  being  scraped  off,  whilst  any  bare  patches  are 
carefully  coated  with  glaze  by  means  of  a  fine  brush.  Finally, 
the  glaze  is  wiped  off  all  parts  on  which  the  ware  rests,  such 
as  the  edges  of  plates  and  the  bases  of  vases,  to  prevent  the 
pieces  sticking  to  the  support  in  the  kiln. 

The  temperature  of  the  glaze  kiln  should  be  just  sufficient 
to  bring  the  glaze  into  a  state  of  perfect  fusion.  The  point 
at  which  this  fusion  occurs  can  be  recognised  by  the  previously 
matt  ware  suddenly  acquiring  a  gloss,  owing  to  the  melting 
and  spreading  of  the  glaze  all  over  the  ware. 

SPECIAL  GLAZES  FOR  PORCELAIN. 

In  addition  to  the  ordinary  glazes  for  providing  the  matt — - 
rough  biscuit  ware  with  a  lustrous,  vitreous  coating — a  number 
of  special  glazes  are  employed  for  the  purpose  of  imparting 
peculiar  features  to  the  wmre,  generally  in  the  case  of  articles 
de  luxe. 
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Such  special  glazes  may  be  divided  into  two  classes:  (1) 
coloured  glazes ;  (2)  glazes  producing  the  appearance  of  crazing 
or  cracked  glaze,  sometimes  known  as  “  vieux  craqueld,”  a 
special  variety  being  formed  by  “  crystallised  ”  or  “  crystal  ”  glaze. 

COLOURED  GLAZES. 

Coloured  porcelain  glazes  can  be  prepared  in  two  different 
ways.  In  the  one  method,  ordinary  colourless  glaze  is  coloured 
by  an  addition  of  pigmentary  metallic  oxides  or  metallic 
compounds  which  do  not  undergo  alteration  at  the  glazing 
temperature.  Since  the  metallic  oxides  used  for  this  purpose 
dissolve  in  the  glaze,  they  necessarily  alter  its  chemical  com¬ 
position  ;  and  therefore  when  large  quantities  of  these  adjuncts 
are  used,  this  factor  must  be  borne  in  mind  in  calculating  the 
composition  of  the  glaze  mass. 

This  can  be  omitted  when  the  amount  of  pigmentary 
substance  is  very  small  in  relation  to  the  total,  so  that  no 
appreciable  modification  of  the  composition  occurs.  Exceptions 
of  this  kind  are  afforded  by  the  oxides  of  very  strong 
pigmentary  power,  such  as  cobalt  oxide,  chromium  oxide,  etc., 
in  which  cases  a  mere  fraction  of  1  per  cent,  is  sufficient  to 
produce  very  bright  coloration. 

In  firing  these  coloured  glazes,  care  must  be  taken  to  prevent 
the  fire  gases  coming  into  contact  with  the  glaze,  since  the 
reducing  action  of  the  gases  would  give  the  finished  ware 
quite  a  different  colour  to  that  it  was  intended  to  have.  It  is 
chiefly  owing  to  the  difficulties  arising  from  this  cause  that 
preference  is  given  in  many  cases  to  producing  the  colour  effect 
by  the  aid  of  underglaze  colours,  instead  of  colouring  the  glaze 
direct. 

These  underglaze  colours  are  protected  from  the  action  of  the 
fire  gases  by  a  colourless  glaze,  and  therefore  remain  unchanged 
in  colour  even  when  the  firing  is  performed  in  a  reducing 
atmosphere. 
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UNDERGLAZE  COLOURS. 

As  the  name  implies,  these  colours  are  applied  to  the  ware 
and  fused  on  underneath  the  glaze.  This  method  of  producing 
colour  effects,  whilst  applicable  to  porcelain,  is  more  frequently 
employed  in  the  case  of  faience  ware.  The  method  of  prepara¬ 
tion  being  generally  similar  to  that  of  ceramic  colours,  will  he 
dealt  with  at  the  same  time  as  these  latter,  in  order  to  avoid 
repetition. 

CRACKED  GLAZES  OR  “  VIEUX  CRAQUELfi.” 

The  peculiar  feature  of  these  glazes  is  that  they  are  traversed 
by  cracks  in  all  directions,  the  ware  having  the  appearance 
of  being  covered  with  an  irregular  network  of  fine  threads. 
Glazes  of  this  kind  were  first  observed  on  old  Chinese  porcelain 
ware,  which  enjoyed  a  considerable  popularity  for  a  time,  very 
high  prices  being  paid  for  good  specimens  of  “  vieux  craquele  ” 
of  Chinese  origin. 

It  appears  certain  that  the  production  of  this  effect  was  not 
intended  by  the  makers  of  this  old  ware,  but  was  rather  the 
result  of  employing  glaze  of  unsuitable  composition.  The 
cause  of  crazing  has  already  been  discussed,  and  the  means  for 
its  prevention  given.  The  makers  of  Chinese  porcelain  also 
found  out  how  to  prevent  crazing ;  but  for  certain  purposes 
they  retained  the  use  of  cracked  glaze,  and  also  succeeded  in 
imparting  certain  definite  colours  to  the  cracks — a  point  to 
which  reference  will  be  made  later. 

The  attempts  made  by  European  porcelain  manufacturers 
to  imitate  cracked  glaze  were  crowned  with  success.  All  that 
is  necessary  is  to  modify  the  composition  of  ordinary  glaze  by 
slightly  increasing  the  proportion  of  silica  and  decreasing  the 
amount  of  alumina  to  a  corresponding  extent.  At  the  same 
time  the  amount  of  lime  is  reduced  and  that  of  the  alkalis 
increased  accordingly.  According  to  the  researches  of  Lauth 
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and  Dutailly,  handsome  cracked  glazes  can  be  obtained  on  soft 
porcelain. 


Ordinary 

Glaze. 

Cracked 

Glazes, 

Silica 

66T8 

79-42 

69-92 

Alumina 

14-55 

11-89 

18  13 

Lime 

15-90 

2-88 

Alkalis 

3-55 

5-81 

11-90 

Diminishing  the  amount  of  lime  in  the  cracked  glaze  has  the 
effect  of  widening  the  mesh  of  the  network  of  cracks  ]  hut  in 
proportion  as  the  lime  is  replaced  by  alkalis,  so  the  mesh 
becomes  smaller.  The  fusing-point  of  the  cracked  glazes 
is  always  higher  than  that  of  ordinary  glazes,  and  therefore 
they  must  he  fired  at  a  higher  temperature  than  usual. 

The  cracks  in  Chinese  craquele  ware  occasionally  exhibit 
differences  in  colour.  Usually  they  are  red,  blue,  or  black, 
but  sometimes  the  several  colours  are  found  in  different  parts 
of  the  same  piece  of  ware,  or  running  one  into  the  other. 

This  variegated  coloration  is  produced  by  rubbing  finely 
levigated  vermilion,  cobalt  blue,  or  Indian  ink  carefully  into 
the  parts  to  be  coloured.  The  extremely  fine  particles  of  the 
pigmentary  substance  lodge  in  the  cracks  and  colour  them 
accordingly.  The  colours  can  be  modified  at  convenience  by 
rubbing-in  finely  levigated  pigments  or  powdered  metals. 
Another  method,  employing  pigments  that  are  unaffected  by 
heat,  consists  in  rubbing,  say,  a  blue  fusible  colour  into  the 
cracks  and  then  firing  the  ware,  so  as  to  melt  the  fusible 
colour  and  fix  it  in  position  in  the  cracks.  At  the  same  time 
other  cracks  are  formed,  and  these  can  be  treated  in  a  similar 
manner  with,  say,  a  red  fusible  colour,  so  that  the  ware  seems 
to  be  covered  with  a  network  of  interwoven  blue  and  red 
threads. 

Very  handsome  effects  can  also  be  obtained  with  finely 
divided  metal  powder,  e.cj.  aluminium  ;  a  piece  coated  with 


88 


Pottery  Decorating 


cracked  glaze  into  which  aluminium  powder  has  been  rubbed, 
exhibiting  cracks  with  a  silvery  lustre. 

The  behaviour  of  sugar  towards  sulphuric  acid  in  the  warm 
can  be  utilised  to  impart  a  deep  black  colour  to  the  cracks. 
With  this  object  a  fairly  concentrated  solution  of  sugar  is 
treated  with  sulphuric  acid  in  the  cold,  and  rubbed  into  the 
cracks  of  the  glaze.  On  then  subjecting  the  ware  to  gentle 
heat  in  a  muffle,  the  sugar  is  carbonised  by  the  acid,  and  the 
cracks  then  show  up  as  deep  black  lines. 

CRAQUEli  GLAZES  CONSISTING  OF  TWO  LAYERS 

(imitation  craquele). 

This  type  of  glazing  is  produced  by  coating  the  ware  with 
a  coloured  glaze  fired  in  the  biscuit  kiln,  and  then  coated  with 
a  second  glaze,  of  different  colour,  fired  in  the  same  kiln. 
The  upper  glaze  crazes  and  reveals  the  different  colour  of  the 
under  layer  through  the  cracks. 

The  crazing  of  the  upper  glaze  can  be  brought  about  by 
giving  it  the  composition  that  experience  shows  is  calculated 
to  result  in  crazing.  For  instance,  a  proportion  of  the  kaolin 
in  the  glaze  mass  may  be  replaced  by  an  equivalent  mixture 
of  aluminium  hydroxide  and  silica,  leaving  the  composition 
unchanged  in  other  respects.  Since  the  aluminium  hydroxide 
parts  with  its  water  of  hydration  at  a  relatively  low  tempera¬ 
ture,  and  shrinks  considerably  in  the  process,  permanent 
cracks  are  formed,  and  remain  after  the  second  glaze  is  fired, 
so  that  the  colour  of  the  under  glaze  shows  through. 

crystal  glazes. 

Certain  antique  specimens  of  Japanese  porcelain  exhibit 
the  appearance  of  being  coated  with  colourless  glaze  with 
embedded  crystals.  Microscopical  examination  shows  that 
these  glazes  are  not  of  a  homogeneous  character,  crystals  being 
decidedly  apparent  in  the  colourless  mass  ;  and  in  some  modern 
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specimens  from  Japan,  the  crystals  can  be  detected  by  the  un¬ 
aided  eye. 

There  is  no  doubt  that  these  very  handsome  glazes  also, 
like  the  craquele,  owed  their  origin  to  defective  composition, 
but  were  afterwards  designedly  prepared  on  account  of  the 
special  appearance  they  impart  to  the  ware. 

The  occurrence  of  the  crystals  in  the  glaze  can  he  explained 
by  the  phenomenon  known  in  the  glass  industry  as  “devitri¬ 
fication.”  All  ordinary  kinds  of  glass  consist  of  a  homogeneous 
non-crystalline  mixture  of  silicates.  If,  however,  the  glass 
be  exposed  for  a  very  long  time  to  a  temperature  sufficiently 
high  to  allow  the  fine  particles  of  the  component  substances 
freedom  of  movement,  silicates  of  definite  composition  are 
deposited  in  the  form  of  crystals.  These  silicates  have  a 
different  refractive  index  from  that  of  the  glass,  and  conse¬ 
quently  the  glass  becomes  either  quite  opaque  and  white,  or  at 
least  very  cloudy.  Exactly  the  same  phenomenon  occurs  in 
many  porcelain  glazes,  which  are  in  reality  nothing  more  or  less 
than  glasses,  though  of  a  different  composition  to  ordinary  glass. 

To  obtain  these  glazes,  ordinary  amorphous  glaze  must  he 
treated  to  an  addition  of  substances  that  will  separate  out 
as  crystals  when  the  glaze  cools.  In  order  to  enable  this  to  be 
done,  however,  it  is  necessary  that  the  glaze,  fused  in  the 
ordinary  way,  should  be  allowed  to  cool  down  very  slowly, 
so  as  to  give  the  substances  in  question  sufficient  time  to 
separate  in  the  form  of  somewhat  larger  crystals.  The  forma¬ 
tion  of  crystals  also  occurs  during  rapid  cooling,  hut  in  such 
event,  their  size  is  so  microscopically  small  that  the  entire 
mass  of  the  glaze  becomes  lustreless  and  matt. 

The  formation  of  crystals  can  be  induced  by  various  sub¬ 
stances,  zinc  oxide  and  titanic  acid  having  been  found 
peculiarly  suitable.  When  zinc  oxide  is  taken  up  by  the 
glaze,  a  zinc  silicate  is  formed  in  the  melted  glaze  and  separates 
in  the  form  of  crystals  when  cooled  down  very  slowly. 
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A  glaze  of  the  following  composition  will  furnish  a  very  fine 
crystal  glaze  if  cooled  down  at  a  sufficiently  slow  rate  : — 


Silica . 57-50 

Alumina  .  .  .  .  .  .  .11-70 

Zinc  oxide .  ......  18-00 

Lime  .  .  .  .  .  .  .  6 -70 

Alkalis  .......  6"10 


To  ensure  successful  crystallisation,  however,  these  zinciferous 
glazes  must  be  fused  in  an  oxidising  atmosphere,  preferably  by 
heating  the  glazed  ware  quickly  in  a  muffle  to  such  a  degree 
that  the  glaze  becomes  very  fluid,  and  then  allowing  the  closed 
muffle  to  cool  down  as  gradually  as  possible. 

According  to  a  method  elaborated  in  a  porcelain  works  at 
Copenhagen,  crystal  glaze  is  prepared  in  the  following  manner. 
The  porcelain  ware  is  first  coated  with  a  refractory  glaze,  which 
is  fired  in  the  usual  manner,  care  being  taken  to  apply  a  fairly 
thick  coating ;  and  on  this  is  brushed  a  thick  layer  of  a 
mixture  of  silica  and  zinc  oxide,  the  latter  in  excess. 

When  this  second  coating  is  dry,  the  ware  is  again  fired  in 
a  sharp  fire,  care  being  necessary  to  protect  the  ware  from  all 
contact  Avith  a  reducing  atmosphere.  The  fired  glaze  will  be 
foAmd  to  be  interspersed  with  crystals  of  zinc  silicates,  It  is 
probable  that  a  reaction  occurs,  in  the  sharp  fire,  between  the 
original  glaze  and  the  second  coating,  a  basic  zinc  silicate  being 
then  deposited  from  the  homogeneous  glaze.  These  glazes  may 
also  be  coloured  by  adding  small  quantities  of  pigmentary  metallic 
oxides,  such  as  cobalt  for  blue,  cupric  oxide  for  greenish  shades, 
chromic  oxide  for  green,  etc.  In  such  case,  the  crystals,  which 
are  usually  darker  in  colour  than  the  rest,  will  show  up  still 
more  handsome  and  clearer  than  in  uncoloured  glazes. 

The  finest  crystalline  glazes,  however,  are  obtained  by  using 
titanic  acid.  The  usual  plan  is  to  employ  a  zinciferous  glaze, 
which,  however,  requires  firing  in  an  oxidising  fire.  When  it 
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is  necessary  to  work  with  a  reducing  fire,  the  zinc  oxide  is 
replaced  by  a  corresponding  quantity  of  magnesia. 

Crystal  glazes  can  be  made  that  do  not  need  such  high  firing 
temperatures  as  the  foregoing.  For  this  purpose  a  fusible  lead 
glaze — specially  recommended  for  soft  porcelain — is  employed, 
with  an  addition  of  titanic  acid.  These  glazes  may  also  he 
coloured,  and  are  easily  fired  on  the  ware,  forming  a  very 
handsome  glaze  interspersed  with  crystals. 


PART  II. 


CERAMIC  COLOURS. 

- 4 - 

CHAPTER  I. 

General  Remarks  on  Ceramic  Colours. 

mHE  pigments  used  in  the  ceramic  industry,  in  the  widest 
sense  of  the  term,  must  evidently  consist  of  bodies  that 
will  stand  the  high  temperatures  used  for  firing  the  coloured 
glazes,  without  undergoing  alteration.  It  follows  naturally 
that  all  organic  colouring  matters  are  out  of  the  question, 
these  being  destroyed  at  relatively  low  temperatures.  It  is 
true  that  organic  pigments  are  used  for  one  class  of  ware — 
“  siderolith  ”  ware ;  but  in  this  case  the  colours  are  not  exposed 
to  heat  at  all,  being  merely  stirred  up  with  lacquer  varnish 
and  applied  to  the  surface  of  the  finished  ware,  from  which 
they  can  be  scraped  off  again  with  a  sharp  knife — an  operation 
impossible  with  ware  that  has  been  coloured  in  the  glaze, 
the  colour  in  such  case  forming  an  integral  part  of  the  glaze 
itself. 

The  pigments  generally  used  for  ceramic  purposes  are  either 
metallic  oxides  or  compounds  of  such  oxides  with  metallic 
acids,  or  else  consist  of  noble  metals  —  gold,  platinum,  or 
silver — attached  to  the  glaze  by  suitable  means. 

It  is  a  welhknown  fact  that  all  clays — except  the  white- 
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burning  kaolin  and  pipeclay — change  their  colour  in  burning. 
The  colour  of  burnt  clay  usually  ranges  between  pale  yellow 
and  brown,  or  light  to  dark  red,  owing  chiefly  to  the  presence 
of  compounds  of  iron  or  manganese  in  the  crude  clay.  Whilst 
the  intensity  of  the  colour  depends  on  the  amount  of  the  iron 
or  manganese  compounds  present,  it  is  also  influenced  by 
other  ingredients  of  the  clay,  such  as  lime  and  magnesia, 
and  also  by  the  temperature  at  which  the  clay  is  fired. 

The  great  variety  of  this  coloration  can  be  easily  seen  in 
the  case  of  the  commonest  of  all  ceramic  products,  namely, 
bricks.  These,  when  made  of  marly  clay,  and  especially 
when  baked  in  badly  built  kilns,  in  which  some  of  the  bricks 
are  overburned  and  others  imperfectly  baked,  often  exhibit 
a  variety  of  colours,  from  pale  leather  brown,  through  all  stages 
of  brown  and  red,  to  black. 

Formerly,  when  little  was  known  of  the  substances  causing 
the  development  of  colour  in  baked  clay,  it  was  naturally 
assumed  that  every  clay  had  its  own  peculiar  colour,  and 
could  therefore  be  used  only  for  that  coloured  ware.  In 
order  to  obtain  ceramic  products  of  a  different  colour,  the 
practice  arose  of  covering  the  ware  with  a  coating  which 
Avould  impart  the  desired  shade  and  at  the  same  time  remove 
the  porosity  of  the  burned  clay — in  other  words,  the  ware  was 
coated  with  glaze. 

It  may  have  been  the  result  of  accident  that  powdered 
mineral  pigments  were  first  introduced  into  glaze  masses  and 
furnished  definitely  coloured  glazes  in  the  kiln,  to  be  afterwards 
added  for  the  express  purpose  of  producing  the  same  result, 
thus  forming  the  commencement  of  the  technology  of  ceramic 
colours. 

The  pigmentary  principles  in  these  minerals  are  seldom 
present  in  a  pure  state — pure  red  haematite  and  pure  manganese 
dioxide  being  two  rare  exceptions — but  are  mostly  associated 
with  other  substances  influencing  the  colour.  Thus,  for 
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example,  chrome  ironstone,  in  addition  to  the  pure  green 
pigment  chromic  oxide,  contains  ferric  oxide,  which  itself  gives 
a  brownish  -  red  colour ;  cobalt  ores  invariably  contain  an 
admixture  of  nickel,  which  gives  the  blue  a  yellowish  tinge. 
For  this  reason  it  is  impossible  to  obtain  perfectly  pure  colours 
by  merely  adding  pigmentary  minerals  to  the  glaze,  the  beauty 
of  the  colours  being  always  more  or  less  a  matter  of  chance. 

The  progress  of  chemical  science  first  enabled  the  study  of 
ceramic  colours  to  attain  the  stage  at  which  it  became  possible 
to  develop  perfectly  pure  colours  in  glaze,  and  to  obtain  any 
desired  shade  and  mixture  of  colour,  so  that,  at  the  present 
time,  the  fairest  gradations  in  colour  can  he  produced  with 
ceramic  pigments  just  the  same  as  with  oil  and  water  colours. 

The  great  advance  made  in  this  connection  can  he  easily 
appreciated  by  a  comparison  between  the  painting  on  antique 
majolica  ware  and  modern  porcelain.  In  the  former  case 
translucent  colours  are  a  rarity,  and  the  colours  are  seldom 
pure  in  tone. 

It  is  true  that  rich  colour  decorations  are  often  seen  on 
old  Chinese  porcelain ;  but  here,  too,  the  colours  are  almost 
invariably  opaque,  and  the  palette  of  the  Chinese  artists  was 
short  of  a  whole  series  of  colour  shades.  The  same  applies 
also  to  some  extent  to  old  Japanese  porcelain. 

In  Europe,  ceramic  painting  has  been  modelled  on  another 
branch  of  art  to  which  it  is  closely  related,  namely,  glass 
painting.  As  a  matter  of  fact,  the  difference  between  the  two 
is  so  slight  that  in  some  instances  the  same  colours  are  used 
in  both  ;  and  in  principle  they  are  alike,  certain  mixtures  of 
ingredients  containing  pigmentary  substances  being  fused  on 
to  the  glass  in  one  case,  and  on  to  the  glaze  in  the  other. 

The  rapid  development  of  chemistry  from  the  commence¬ 
ment  of  the  nineteenth  century  led  to  great  advances  in  the 
technology  of  colours,  and  enabled  the  pigments  used  in 
ceramic  painting  to  be  obtained  in  a  perfectly  pure  state. 
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From  these  pure  colours  it  has  been  found  possible — as  already 
mentioned — to  prepare  mixtures  exhibiting  all  the  gradations 
of  colour  that  can  be  obtained  with  any  painting  medium. 
The  high  resisting  powers  of  the  ceramic  colours  and  their 
support  ( e.g .  porcelain)  gives  the  paintings  executed  in  this 
manner  an  almost  unlimited  durability,  since  they  cannot  be 
destroyed  except  by  purely  mechanical  influences.  Paintings 
on  porcelain  executed  on  present-day  lines  could  probably 
remain  buried  in  the  earth  for  a  thousand  years  without  injury 
to  their  beauty  of  colour. 


CHAPTER  II. 


The  Ceramic  Colours  in  Particular. 

TT  has  been  stated  earlier  that  certain  minerals  (chiefly 
ores)  were  long  used  to  produce  colour  effects  both  in  the 
body  of  the  ware  and  in  the  glaze.  These  minerals  are  still 
employed  for  the  same  purpose,  but  their  use  is  now  restricted 
to  common  ware,  experience  having  shown  that  of  two  pieces 
made  of  the  same  clay,  the  one  coated  with  a  beautifully 
coloured  glaze  will  have  by  far  the  higher  selling  value. 

Since  it  is  now  easy  to  procure  ceramic  pigments  in  a 
perfectly  pure  state,  every  potter  should — for  the  above 
reason— use  pure  coloured  glazes  only,  and  pure  pigments  for 
painting. 

The  following  is  a  list  of  the  oxides  constituting  the 
foundation  of  the  pigmentary  principle  in  all  coloured  glazes 
and  ceramic  colours  : — 

Ferric  oxide,  for  yellow,  red,  brown,  and  in  some  mixtures 
also  for  black. 

Manganese  oxide,  for  violet,  brown,  and  in  mixtures  for 
black. 

Cupric  oxide,  for  green,  bluish  green,  and  certain  green 
shades  clearly  distinguishable  from  pure  green. 

Cobaltic  oxide  for  all  shades  of  pure  blue. 

Chromic  oxide  for  pure  green  and  also  for  red. 

Nickel  oxide  for  brown. 

Uranium  oxide  for  yellow. 

Gold  (in  a  certain  form)  for  red — rose  red  to  purple. 
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Platinum  and  iridium  for  grey  and  black. 

The  substances  are  the  basis  of  the  ceramic  painters’  palette, 
and  can  be  made,  by  suitable  intermixing,  to  yield  the  greatest 
variety  of  tones. 

Another  class  of  substances  is  used  in  ceramic  painting  to 
develop  certain  shades  of  colour  and  also  as  fluxes ;  but  these 
will  be  dealt  with  when  we  come  to  describe  the  preparation 
of  the  individual  colours,  and  we  will  now  only  illustrate  the 
action  of  such  adjuncts  by  an  example. 

Cobaltic  oxide  colours  glaze  pure  blue,  from  the  palest 
water  blue  to  the  deepest  ultramarine ;  and  tin  oxide, 
though  non-pigmentary  of  itself,  produces  a  fine  white  when 
mixed  with  glaze.  By  mixing  the  two  together  in  various 
proportions  we  obtain  blue  colours  having  similar  properties 
to  the  enamel  colours ;  they  cover  well  (not  allowing  the 
substratum  to  show  through),  and  form  a  blue  resembling  that 
of  the  forget-me-not  or  turquoise. 

The  composition  of  ceramic  colours  is  varied  according  to 
the  purpose  to  which  they  are  to  be  applied ;  and  they  are 
classified  into  groups  according  to  the  value  of  the  ware  to  be 
decorated.  For  ordinary  potteiy,  the  impure  pigmentary 
minerals  are  used ;  e.g.  crude  ferric  oxide  for  red,  manganese 
oxide  for  brown  or  violet,  chrome  ironstone  for  black,  and  so 
on.  In  the  case  of  finer  ware,  e.g.  good  stoneware,  purer 
pigments  must  be  taken  in  order  to  produce  handsome  colour 
effects,  the  same  pigments  being  also  used  for  engobes  and 
underglaze  colours  (so  called  because  they  are  applied  to  the 
ware  before  glazing). 

Naturally,  only  the  purest  colours  are  used  for  the  third 
and  most  valuable  class  of  ceramic  products,  namely,  porce¬ 
lain.  These  colours  are  divided  again  into  :  sharp-fire  (grand 
feu)  colours  (few  in  number),  which  are  applied  and  fired 
before  glazing ;  glaze  colours,  in  which  pigments  are  mixed 
with  the  colourless  glaze  ;  and  muffle  colours,  the  latter  re- 
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ceiving  their  name  from  being  fired  in  muffle  furnaces  at  a 
relatively  low  temperature.  The  muffle  colours,  which  also 
comprise  the  noble  metals — gold,  platinum,  and  silver— and  the 
lustre  colours,  are  always  applied  and  fired  over  the  glaze. 
Owing  to  the  free  hand  allowed  in  shading  these  colours,  and 
the  possibility  of  obtaining  with  them  any  desired  range  of 
tones,  they  lend  themselves  most  freely  to  artistic  application. 
It  is  unnecessary  to  say  that  the  colours  must  he  perfectly 
pure  to  be  suitable  for  this  purpose. 


CHAPTER  ITT. 


Preparation  of  the  Pure  Colours. 

TT  is  advisable  to  begin  this  sketch  of  the  preparation  of 
ceramic  colours  with  a  description  of  the  various  methods 
by  means  of  which  the  perfectly  pure  pigmentary  substances 
can  be  obtained.  The  practical  potter  will  then  be  able  to 
decide  whether  and  for  what  purposes  he  will  use  these  pure 
pigments.  The  substances  chiefly  in  question  are  the  oxides 
of  iron,  chromium,  cobalt,  nickel,  manganese,  and  copper, 
together  with  chemically  pure  gold  and  gold  preparations. 

the  preparation  of  pure  ferric  oxide. 

Ferric  oxide  is  frequently  found  in  nature,  and  occurs 
almost  chemically  pure  in  some  minerals,  e.g.  specular  iron 
ore  and  red  haematite.  Consequently,  a  product  suitable  for 
the  preparation  of  ceramic  colours  can  be  obtained  by  grinding- 
one  of  these  minerals  to  a  very  fine  powder  and  levigating 
the  latter.  Owing  to  the  great  hardness  of  the  raw  material, 
this  method  is  expensive,  and  the  product  is  never  so  fine  as 
when  the  ferric  oxide  is  prepared  by  artificial  means. 

For  this  purpose  use  is  generally  made  of  the  cheap  com¬ 
mercial  salt,  ferrous  sulphate  or  green  vitriol,  by  dissolving  it 
in  water  and  treating  the  filtered  solution  with  nitric  acid  in  a 
large  vat,  so  as  to  oxidise  it  to  ferric  sulphate.  At  the  end  of 
a  few  hours,  ammonia  is  added  so  long  as  a  precipitate  con¬ 
tinues  to  form.  This  very  bulky  precipitate,  consisting  of 
ferric  oxide,  has  a  handsome  reddish-brown  colour,  and 
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settles  down  fairly  quickly.  The  supernatant  liquor  is  run 
oft  through  tapholes  arranged  at  different  levels  in  the  walls 
of  the  vat,  and  the  sediment  is  repeatedly  washed  by  stirring 
it  up  with  fresh  quantities  of  water,  after  which  it  is  collected 
on  a  lilter  cloth  and  dried  artificially  or  by  prolonged  exposure 
to  the  ordinary  temperature.  The  dried  precipitate,  consisting 
of  ferric  hydroxide,  has  a  reddish-brown  colour,  and  can  be 
transformed  into  pure  ferric  oxide  by  moderate  calcination,  a 
high  temperature  spoiling  the  purity  of  the  red  colour.  In 
fact,  by  gradually  raising  the  oxide  to  very  high  temperatures, 
its  characteristic  colour  changes  into  cherry  red,  purple,  brown, 
and  violet,  the  alterations  being  due  to  modifications  in  the 
structure  of  the  fine  particles  of  the  oxide  under  the  influence 
of  heat. 

A  very  beautifully  coloured  ferric  oxide,  known  as  Vogel’s 
iron  red,  is  prepared  by  treating  a  solution  of  pure  ferrous 
sulphate  with  one  of  potassium  oxalate  so  long  as  a  precipitate 
forms,  and  then  washing  and  drying  this  latter,  followed  by 
gently  heating  it  in  a  shallow  porcelain  dish.  At  a  certain 
heat  the  contents  of  the  dish  begin  to  glow,  and  are  gradually 
converted  into  a  very  finely  divided  ferric  oxide  of  a  beautiful 
red  colour. 

Common  grades  of  iron  red  and  other  iron  colours  can  be 
prepared  from  the  iron  hammer  scale  thrown  oft  during  the 
forging  of  white-hot  iron.  This  scale  consists  of  ferro-ferric 
oxide,  and  can  be  transformed  by  calcination  and  levigation 
into  a  fairly  pure  ferric  oxide,  highly  suitable  for  making 
cheap  glazes,  whereas  only  the  artificial  oxide  will  do  for  finer 
purposes. 


THE  PREPARATION  OF  CHROMIC  OXIDE. 

Chromic  oxide  is  one  of  the  most  important  ceramic  colours, 
being  the  only  substance  that  furnishes  a  perfectly  pure  green 
capable  of  standing  the  sharp  fire  of  the  kiln,  and  therefore 
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suitable  for  underglaze  colour,  as  well  as  for  incorporating  with 
the  glaze  and  for  applying  to  the  surface  of  the  latter  as  a 
muffle  colour. 

Pure  chromic  oxide  can  be  prepared  in  several  ways.  A 
method  frequently  practised  consists  in  intimately  mixing 
equal  parts  of  potassium  bichromate  and  sulphur,  both  very 
finely  powdered,  and  exposing  the  mixture  to  low  red  heat  in  a 
porcelain  crucible.  The  fused  mass  is  crushed,  and  washed 
repeatedly  with  water  until  all  the  soluble  matter  has  been 
attracted,  the  dried  residue  then  forming  a  dark  green  powder 
consisting  of  pure  chromic  oxide. 

Another  but  more  expensive  method  is  by  carefully  heating 
mercuric  chromate  in  a  porcelain  crucible,  the  salt  decomposing, 
with  liberation  of  volatilised  mercury,  and  leaving  a  chromic 
oxide  of  very  handsome  colour. 

To  prepare  chromic  oxide  by  the  wet  method,  potassium 
bichromate  is  dissolved  in  hot  water,  and  the  solution  is  treated 
with  sulphuric  acid,  followed  by  alcohol  added  carefully  in 
small  quantities.  The  liquid  rapidly  grows  hot  and  changes 
from  a  fine  red  colour  to  violet.  On  treating  the  cooled  liquid 
with  caustic  soda,  a  greyish-blue  precipitate  of  chromic 
hydroxide  is  formed  ;  and  this  is  thoroughly  washed,  dried,  and 
calcined.  The  resulting  chromic  oxide  varies  in  depth  of 
colour  according  to  the  temperature  of  calcination,  but  this 
makes  no  difference  so  far  as  our  purpose  is  concerned,  the 
colours  being  always  fired  at  a  definite  temperature. 

THE  PREPARATION  OP  COBALT  OXIDE. 

This  oxide  is  the  only  substance  furnishing  a  pure  blue 
suitable  for  ceramic  colours.  It  could  be  prepared  from  the 
natural  ores  in  which  it  is  contained,  but  the  separation  of  the 
other  metals  present  is  such  a  troublesome  task  that  it  is 
usually  left  to  the  chemical  manufacturer,  and  the  pure 
commercial  cobalt  salts  are  used  in  preference.  The  chief  of 
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these  salts  are  the  chloride  and  nitrate,  the  oxide  being 
prepared  by  dissolving  one  of  them  in  water,  treating  the 
solution  with  caustic  soda  so  long  as  a  precipitate  continues  to 
form,  and  drying  the  latter  after  repeated  washings  with  water, 
The  residue  is  then  strongly  calcined  in  a  porcelain  crucible,  and 
furnishes  a  deep  black  powder  consisting  of  pure  cobalt  oxide. 

THE  PREPARATION  OF  MANGANESE  OXIDE. 

This  oxide,  which  is  very  important  for  brown,  violet,  and 
black  colours,  is  also  most  simply  prepared  from  a  commercial 
salt  of  manganese,  manganous  sulphate  being  preferred  as 
obtainable  perfectly  free  from  iron.  The  fine  red  crystals  of 
this  salt  are  dissolved  in  water,  precipitated  with  caustic  soda, 
and  the  precipitate  of  manganous  hydroxide  is  well  washed, 
dried,  and  calcined. 

THE  PREPARATION  OF  NICKELOUS  OXIDE. 

This  oxide  is  prepared  from  nickelous  sulphate,  which  is 
obtained  in  commerce  in  a  perfectly  pure  state  as  green  crystals, 
the  method  adopted  being  the  same  as  that  just  described, 
namely,  precipitating  the  dissolved  nickelous  sulphate  with 
caustic  soda,  and  washing,  drying,  and  calcining  the  precipitate. 

THE  PREPARATION  OF  CUPRIC  OXIDE. 

For  this  purpose  a  copper  sulphate  perfectly  free  from 
iron  compounds  is  required,  on  which  account  the  finest 
guaranteed  iron-free  commercial  brands  must  be  employed.  A 
very  fine  grade  of  this  salt  is  obtained,  for  example,  in  mints 
where  gold  is  extracted  from  old  silver  coins  by  dissolving  them 
in  boiling  sulphuric  acid.  The  gold  settles  down  as  a  brown 
powder,  whilst  the  liquid  containing  the  dissolved  silver  is 
decanted  and  the  silver  recovered  by  displacement  with  copper. 
The  resulting  solution  of  copper  sulphate  is  perfectly  free  from 
iron  compounds. 
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The  copper  sulphate  is  dissolved  in  hot  water  and  treated 
with  caustic  soda  till  precipitation  ceases.  The  black 
precipitate  of  pure  cupric  oxide  is  collected  on  a  filter,  washed 
with  hot  water  and  dried. 

THE  PREPARATION  OF  ANTIMONY  OXIDE. 

Antimony  oxide  is  largely  used  as  an  adjunct  in  the  prepara¬ 
tion  of  ceramic  colours,  and  must  be  pure  for  the  finer  grades. 
It  is  obtained  by  finely  powdering  native  antimony  trisulphide 
(grey  antimony  ore)  and  boiling  the  same  in  crude 
hydrochloric  acid  until  no  more  is  dissolved.  The  liquid  is 
poured  on  a  filter  placed  above  a  vessel  containing  about 
300  vols.  of  water  to  1  vol.  of  the  solution.  This  dilution  of 
the  solution  causes  the  latter  to  deposit  a  brilliant  white  dense 
powder  consisting  of  antimony  oxychloride,  which  is  trans¬ 
ferred  to  a  porcelain  basin,  suffused  with  an  aqueous  solution 
of  sodium  carbonate  and  heated  to  boiling.  Carbon  dioxide 
is  liberated  and  sodium  chloride  formed,  which  passes  into 
solution,  leaving  the  powder  transformed  into  pure  antimony 
oxide,  which  is  filtered,  washed,  and  dried. 

This  roundabout  method  is  not  followed  in  the  case  of 
inferior  colours,  the  finely  pulverised  grey  antimony  ore  being 
merely  spread  out  thinly  on  a  strongly  heated  iron  plate,  and 
thereby  reduced  to  a  white  mass  of  fairly  pure  antimony 
oxide,  which  is  repeatedly  levigated,  in  order  to  eliminate 
the  undecomposed  antimony  ore. 

The  pure  oxides  obtained  in  the  above  manner  are  either 
used  alone  or  mixed  together  to  produce  various  shades  of 
colour. 

Use  is  also  made  of  certain  salts  possessing  characteristic 
colours  ;  but  owing  to  the  high  temperatures  necessary  in  firing- 
all  ceramic  colours,  it  follows  that  only  such  salts  as  are  fire¬ 
proof,  i.e.  will  stand  high  temperatures  without  decomposition, 
will  be  suitable.  Consequently  the  choice  is  restricted  almost 
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entirely  to  phosphates,  the  salts  of  chromic  and  stannic  acids, 
and  certain  silicates. 


MANGANESE  PHOSPHATE. 

This  preparation,  which  is  used  for  certain  peculiar  brown 
to  violet  shades,  can  be  obtained  by  precipitating  a  solution  of 
42  parts  of  manganese  sulphate  with  36  parts  of  sodium 
phosphate  and  a  solution  of  5  parts  of  sodium  carbonate,  the 
precipitate  being  then  washed,  dried,  and  slowly  heated  to 
redness. 

COBALT  PHOSPHATE. 

This  compound  is  prepared  by  precipitating  a  solution  of 
cobalt  nitrate  or  chloride  with  sodium  phosphate  and  sodium 
carbonate  (as  in  the  case  of  manganese  phosphate),  and  washing, 
drying,  and  gently  calcining  the  precipitate.  In  calcining  these 
precipitated  colours,  care  must  be  taken  not  to  heat  them  to 
actual  fusion,  as  in  such  case  the  troublesome  operations  of 
powdering  and  levigation  would  have  to  be  gone  through,  and 
they  would  not  furnish  such  a  finely  divided  product  as  that 
obtained  by  precipitation — a  point  of  considerable  importance. 

COPPER  PHOSPHATE. 

Thirty-seven  parts  of  iron-free  copper  sulphate  are  dissolved 
in  water,  and  this  solution  is  mixed  with  one  of  35  parts  of 
sodium  phosphate  and  5  of  sodium  carbonate.  The  resulting 
precipitate  is  treated  as  in  the  two  preceding  cases. 

COBALT  CHROMATE. 

This  salt  is  obtained  by  dissolving  155  parts  of  (anhydrous) 
cobaltous  oxide  in  water  and  treating  the  solution  with  one 
containing  97  parts  of  potassium  chromate  (yellow  commercial 
chromate),  the  precipitate  being  well  washed,  dried,  lightly 
calcined,  and  rewashed. 
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BARIUM  CHROMATE. 

A  solution  of  104  parts  of  barium  chloride  is  treated  with  one 
of  98  parts  of  potassium  chromate,  and  the  precipitate  washed 
and  gently  calcined.  In  this  way  a  handsome  yellow  product 
is  obtained ;  but  by  employing  higher  temperatures  and  longer 
heating,  the  colour  gradually  acquires  a  greenish  tinge,  and  can 
finally  be  transformed  into  a  decided  canary  green. 


CHAPTER  IY. 


Underglaze  Colours. 


S  their  name  indicates,  these  colours  are  applied  to  the 


ware  previous  to  glazing,  and  are  subsequently  covered 
hy  the  glaze.  Owing  to  the  possibility  of  the  glaze  reacting 
chemically  on  the  colours  at  the  high  temperatures  of  the  kiln, 
the  underglaze  colours  must  always  he  prepared  from  pure 
oxides  and  salts  that  are  capable  of  withstanding  such  action. 

The  pigmentary  substances  are  not  used  alone  as  underglaze 
colours,  but  are  usually  mixed  with  20  per  cent,  of  their  weight  of 
stoneware  glaze,  or  the  same  quantity  of  boric  acid,  and  then 
recalcined.  The  mass  must  then  be  washed  with  water  so  long 
as  any  soluble  materials  are  extracted.  These  materials  usually 
consist  of  small  quantities  of  sulphates,  which,  if  allowed  to 
remain,  would  cause  the  colours  to  blister  in  the  kiln. 

All  the  colours  mentioned  below  are  suitable  for  underglaze 
colours. 


Yellow  Underglaze  Colours. 


TITANIUM  YELLOW  (RUTILE  YELLOW). 


The  fundamental  material  of  this  handsome  yellow  colour  is 
the  mineral  rutile,  consisting  of  impure  titanic  acid.  To  obtain 
the  colour  (which  consists  of  zinc  titanate)  equal  parts  of  rutile 
and  zinc  oxide  are  ground  to  an  impalpable  powder  in  a  wet 
mill,  the  mixture  being  then  strongly  calcined  after  drying. 

Attempts  made  to  prepare  this  colour  from  chemically  pure 
titanic  acid  and  zinc  oxide  are  unattended  with  success,  the 
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small  proportion  of  iron  present  in  the  rutile  being  apparently 
essential  to  the  development  of  the  colour. 


ANTIMONY  YELLOW. 

This  pure  light  yellow  colour  is  prepared  from  the  following 
constituents  : — 


Lead  nitrate 

73  parts. 

Antimony  oxide  . 

33  „ 

Alumina  .... 

12 

Common  salt 

.  100  ” 

These  substances  are  thoroughly  mixed  by  prolonged  tritura¬ 
tion  and  are  then  fritted,  the  fritt  being  powdered  and  well 
washed.  In  this  way  a  pale  bright  yellow  is  obtained,  which, 
however,  is  too  fluid  when  melted,  and  would  therefore  sink 
into  the  surface  of  the  ware  when  fired.  To  remove  this  de¬ 
fect,  the  finished  colour  is  mixed  with  up  to  about  one-third  of 
its  own  weight  of  calcium  stannate,  which  makes  it  more 
refractory.  The  calcium  stannate  is  prepared  by  wet  grinding- 
75  parts  of  tin  oxide  and  30  of  calcium  carbonate  (white 
marble),  and  then  drying  and  strongly  calcining  the  mass. 
The  addition  of  small  quantities  of  ferric  oxide  to  pure 
antimony  yellow  deepens  the  colour  and  imparts  an  orange 
tinge. 

ANTIMONY  ORANGE. 


This  is  prepared  from — 
lied  lead 

Antimony  oxide  . 
Ferric  oxide 
Potassium  nitrate 


50  parts. 


33 

18 

25 


>) 
5  J 
J  J 


The  finely  powdered  mixture  of  the  above  ingredients  is 
calcined,  ground,  and  washed.  Owing  to  the  great  fusibility  of 
the  colour,  it  is  mixed  with  calcium  stannate,  as  in  the  case  of 
antimony  yellow. 
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Red  Underglaze  Colours. 

TINK  COLOURS. 

These  colours  are  among  the  most  important  of  all  used  in 
ceramics,  inasmuch  as  they  can  he  prepared  in  four  different 
grades,  and  will  furnish  all  imaginable  intermediate  gradations 
from  pure  red,  through  purple  red,  to  deep  violet.  In  chemical 
composition,  pink  red  consists  mainly  of  a  combination  of  tin 
oxide  and  lime,  but  the  various  gradations  of  colour  are  pro¬ 
duced  by  the  incorporation  of  other  compounds  suitable  for  the 
purpose  in  view. 

The  higher  the  proportion  of  lime,  the  brighter  red  the  colour. 
An  addition  of  boric  acid  to  the  mass,  or  coating  the  colour 
with  a  borate  glaze,  gives  the  pink  a  bluish  tinge.  When  lime 
is  entirely  omitted,  the  colour  is  a  pure  violet,  so  that  highly 
divergent  tones  can  be  obtained  with  this  very  stable  preparation. 


PURE  PINK  RED. 

This  colour  which  may  be  regarded  as  the  real  typical  pink, 
is  prepared  in  the  following  manner. 

Pure  tin  oxide  (preferably  that  obtained  by  treating  tin  with 
nitric  acid  and  calcining  the  product)  is  strongly  calcined,  and 
then  mixed  with  the  other  ingredients,  which  have  previously 
been  ground  very  fine  separately. 

The  following  proportions  are  used 

.  W En 

uU  Calcium  carbonate 
0*  Quartz 


l  oxide  (calcined)  .  ,  . 

cium  carbonate  '* 


100  parts.  L>  4- 

“  »  ifif 

ou 

cA  V 


Powdered  pure  white  marble  is  used,  and  the  quartz  sand 
must  be  quite  colourless,  and  therefore  free  from  iron.  The 
intimate  mixture  of  these  substances  is  stirred  up  with  a  hot- 
saturated  solution  of  6  parts  of  potassium  bichromate  and  8 
parts  of  borax,  and  then  heated  to  dryness  in  a  porcelain  dish, 
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with  frequent  stirring.  The  dried  mass  is  ground  very  fine  in 
a  porcelain  mortar,  and  very  strongly  heated  in  a  crucible,  care 
being  taken  that  no  reducing  gases  have  access  to  the  mass, 
since  this  would  spoil  the  colour. 

This  evil  may  be  avoided  by  placing  the  charged  crucible  in 
a  larger  one  and  packing  the  intermediate  space  with  manganese 
dioxide.  This  liberates  oxygen  at  calcination  temperature,  and 
thus  precludes  the  admission  of  reducing  gases  to  the  contents 
of  the  inner  crucible.  It  is  desirable  to  perform  the  calcination 
in  a  furnace  in  which  a  strong  white  heat  can  be  developed,  a 
high  temperature  of  this  kind  being  essential  to  the  production 
of  a  good  coloured  preparation  of  brilliant  appearance. 

The  pure  red  colour  of  the  above  preparation  can  be  tinged 
bluish  red  hy  omitting  the  quartz  from  the  mixture  and  using 
only  tin  oxide  and  calcium  carbonate. 

pink  (bluish  red). 

Tin  oxide  (strongly  calcined)  .  .  70  parts. 

Marble  ......  23  „ 

This  mixture  is  treated  as  described  for  pure  red,  followed  by 
an  addition  of  3  parts  of  potassium  bichromate  and  4  of  borax. 


pink  (rose  red). 

A  rose-coloured  pink  is  obtained  with  the  following  formula  : — 
The  powdered  ingredients  mentioned  below  are  ground 
extremely  fine,  and  the  mixture  is  exposed  to  the  strongest 
white  heat.  The  resulting  mass  is  reground,  and  then 
lixiviated  with  boiling  water  until  all  the  soluble  matter  has 
been  extracted. 


Tin  oxide  ..... 
Calcium  carbonate  (marble)  . 

Quartz  ..... 

Kaolin  ..... 

Lead  chromate  (pure  chrome  yellow) 


60  parts. 
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PINK  (PALE  ROSE  RED). 

This  is  obtained  when  the  rose  red  preparation  above  is 
worked  into  a  homogeneous  mixture,  by  grinding,  with  stone¬ 
ware  glaze  and  calcium  carbonate.  The  following  proportions 
are  generally  taken  : — 

Rose  red  (as  above)  .  .  .  .  44  parts. 

Stoneware  glaze  .....  44  ,, 

Powdered  marble  .  .  .  .  12  „ 

VIOLET  PINK  COLOURS. 

By  means  of  the  pink  colours,  all  gradations  from  pure  red, 
through  purple,  to  deep  violet  can  be  obtained,  the  usual 
preparations  employed  containing  cobalt  oxide  as  pigmentary 
ingredient.  The  following  colours  are  most  in  use  : — 

CLOVE  PINK. 

hifty-five  parts  of  tin  oxide  and  40  of  calcium  carbonate 
(marble)  are  intimately  mixed  by  grinding,  the  powder  being 
then  stirred  up  with  a  solution  of  5  parts  of  potassium  chromate 
in  water,  drying  the  mass  and  exposing  it  to  the  strongest 
white  heat.  The  calcined  mass  is  finely  ground,  and  treated 
with  hot  water  until  all  the  soluble  matters  are  extracted. 

LILAC  (PALE  VIOLET). 

Tin  oxide  (strongly  calcined)  .  .  50  parts. 

Potassium  bichromate  ....  3  „ 

Borax . 20  „ 

The  bichromate  is  dissolved,  with  the  borax,  in  a  minimum 
of  hot  water,  then  mixed  with  the  tin  oxide  and  strongly 
calcined,  this  operation  being  followed  by  complete  lixiviation 
with  hot  water. 
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PALE  VIOLET  (VIOLET  UNIQUE). 


This  peculiar  shade  of 

violet  is  best  obtained  by 

formula : — 

Tin  oxide  . 

100  parts. 

Boric  acid  (pure) 

10  „ 

Cobalt  oxide 

•  •  •  1  „ 

Lead  chromate  . 

.  •  •  H  „ 

The  finely  powdered  ingredients  are  intimately  mixed  by 
prolonged  trituration,  and  the  mixture  after  strong  calcination 
is  leached  with  hot  water.  Next,  80  parts  of  this  mass  are 
mixed  with  20  parts  of  fine  white  lead  and  fused,  the  pro¬ 
duct  forming  violet  unique. 

PINK  PURPLE. 

Cobalt  oxide  .....  60  parts, 

Quartz  ......  15  ,, 

Stoneware  glaze  .  .  .  .  25  ,, 

are  intimately  mixed  in  the  mill,  strongly  calcined,  and  reground 
as  finely  as  possible.  The  resulting  blue  mass  is  mixed  with 
pure  pink  red  in  the  following  proportions : — 

Pure  pink  red  .  .  .  .  .  92  parts, 

Blue  mass  ......  8  ,, 

the  mixture  furnishing  a  very  handsome  purple  red.  To 
impart  a  more  violet  tinge  the  blue  mass  is  slightly  increased ; 
but  great  care  must  be  exercised,  on  account  of  the  strong- 
pigmentary  power  of  the  cobalt  oxide,  or  the  colour  will  be 
turned  to  violet  if  a  certain  limit  be  exceeded. 


THE  RED  GOLD  COLOURS. 

By  using  the  compound,  gold  trichloride,  the  preparation 
of  which  will  be  described  in  dealing  with  that  of  chemically 
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pure  gold  for  the  purposes  of  ceramic  painting,  very  hand¬ 
some  red  colours  can  be  obtained,  which  can  be  shaded 
in  all  gradations  between  dark  purple  red  and  the  most 
delicate  rose  red.  The  pigmentary  principle  in  these 
colours  is  gold,  though  the  exact  form  in  which  the  metal 
is  present  is  not  known. 


GOLD  PURPLE  RED. 

This  preparation  is  obtained  in  the  following  manner 

Ninety  parts  of  finely  levigated  white  kaolin  are  distributed 
in  water,  heated  to  boiling  and  well  stirred,  the  whole  being 
then  strained  through  a  fine  hair  sieve  to  remove  any  lumps  of 
kaolin. 

While  the  mixture  is  kept  in  constant  motion,  a  solution  of 
gold  trichloride  (containing  10  parts  of  chemically  pure  gold) 
is  added,  followed,  drop  by  drop,  by  an  aqueous  solution  of 
sodium  carbonate,  until  the  liquid  has  a  decidedly  alkaline 
reaction,  i.e.  turns  red  litmus  paper  blue.  A  solution  of  20 
parts  of  grape  sugar  in  water  is  next  added,  and  the  whole  is 
boiled  strongly,  with  constant  stirring,  the  water  lost  by 
evaporation  being  replaced  from  time  to  time.  After  boiling 
has  continued  for  about  half  an  hour,  the  whole  mass  will  have 
acquired  a  deep  purple  red  colour,  whereupon  it  is  allowed  to 
cool. 

The  contents  of  the  vessel  are  transferred  to  a  cloth  faced 
with  filter  paper,  and  suffused  repeatedly  with  boiling  water, 
until  the  latter  ceases  to  extract  any  soluble  matter.  When 
thoroughly  dried,  the  mass  is  calcined,  rewashed,  and 
ground. 

Working  in  the  same  way,  but  with  proportionately  reduced 
quantities  of  gold,  the  resulting  colour  will  be  correspondingly 
lighter,  a  mass  containing  only  2  parts  of  gold  to  98  of  kaolin 
being  pale  rose  red. 
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thivier’s  red  (flesh  tint). 

This  very  handsome  flesh  tint  colour  consists  essentially  of 
an  aluminium- iron  silicate  of  the  composition — 

Silica . 88  parts. 


Alumina 
Ferric  oxide 


It  may  he  prepared  by  mixing  a  solution  of  aluminium 
sulphate  with  one  of  ferric  sulphate  in  proportions  furnishing 
the  above  ratio  between  the  oxides,  and  then  treating  the 
liquid  with  a  solution  of  water-glass  so  long  as  a  precipitate 
continues  to  form.  This  is  carefully  washed,  dried,  and 
strongly  calcined. 

Increasing  the  amount  of  ferric  oxide  in  the  liquid  deepens 
the  colour  of  the  resulting  red;  and  conversely  a  lighter  shade 
is  obtained  by  increasing  the  proportion  of  the  alumina.  This 
red  may  be  used  as  an  underglaze  colour,  but  not  under  a 
strongly  acid  glaze,  or  the  compound  will  be  attacked  by  the 
silica  or  boric  acid  present,  a  yellow  colour  being  then  obtained 
owing  to  the  formation  of  ferric  silicate  or  ferric  borate. 


IRON  RED. 


True  iron  red— which  is  different  from  Thivier’s  red — always 
consists  of  a  mixture  of  ferric  oxide  and  alumina.  The 
relative  proportions  of  the  ingredients  may  be  altered  at 
convenience,  but  an  increase  in  the  content  of  ferric  oxide  will 
furnish  a  more  brownish  red,  whilst  paler  reds  follow  any 
increase  of  alumina.  It  is,  however,  advisable  to  prepare  a 
standard  “  iron  red  ”  according  to  a  certain  formula,  namely, 
the  following  : — 

Twenty-eight  parts  of  pure  ferrous  sulphate  are  dissolved 
in  distilled  Avater  and  stirred,  nitric  acid  being  meanwhile 
poured  in  until  the  liquid  is  no  longer  dark  brown  in  colour 
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but  reddish  yellow,  thus  indicating  the  complete  conversion  of 
the  ferrous  oxide  into  ferric  oxide,  the  liquid  being  then  mixed 
with  a  solution  of  190  parts  of  potassium  alum  in  water. 

Caustic  ammonia  is  next  added  so  long  as  a  precipitate 
continues  to  form,  the  latter  being  afterwards  washed  with  hot 
water  on  a  filter  until  no  more  soluble  matters  are  extracted 
The  dried  mass  is  gently  calcined  and  mixed  with  ferruginous 
(yellow)  glaze,  in  the  proportion  of  30  parts  of  the  latter  to  70 
of  the  iron-alumina  mass.  The  mixture  is  ground  as  finely  as 
possible,  and  is  then  ready  for  use. 

Green  Undergeaze  Colours. 

Chromic  oxide  is  always  used  for  pure  green,  and, without 
any  admixture,  except  ground  stoneware  glaze,  for  the  dark 
shades,  other  tones  being  obtained  by  the  addition  of  various 
oxides. 

DARK  GREEN. 

Chromic  oxide . 75  part8> 

JNickelous  oxide  .  .  .  .  .150 

This  mixture  furnishes  a  green  with  a  certain  yellowish 
tinge. 

LIGHT  GREEN,  ACCORDING  TO  TENAX. 

Potassium  bichromate  . 

Calcium  chloride  (anhydrous) 

Quartz  .... 

Marble  .... 

Fluor  spar  .... 

The  quartz,  marble,  and  fluor  spar  are  ground  on  a  wet  mill,  and 
after  the  water  has  been  drained  off,  are  stirred  up  with  the 
dissolved  bichromate  and  calcium  chloride.  The  pap  is  heated, 
with  occasional  stirring,  until  dry,  after  which  it  is  finely 
powdered  and  exposed,  in  a  porcelain  crucible,  to  the  highest 
temperature  obtainable  in  the  furnace. 


36  parts. 
12  „ 

20  „ 

20  „ 

12  .. 
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ZEISSIG  GREEN. 

Barium  chromate .  .  .  •  •  50  parts. 

Marble  40  ,, 

Boric  acid  25  ,, 

The  ingredients  are  intimately  mixed,  and  then  exposed  to  the 
highest  temperature  attainable. 

Blue  Underglaze  Colours. 

The  pigmentary  principle  of  all  the  blue  colours  used  in 
ceramic  decoration  is  cobalt  oxide,  either  alone  or  in  association 
with  other  oxides.  By  taking  suitable  proportions  of  the 
various  ingredients,  all  shades  intermediate  between  deep  blue 
and  the  palest  tones  can  be  obtained. 


DARK  BLUE  (tHENARD’s  BLUE). 

Cobalt  oxide . 80  parts. 

Alumina  .  .  ■  •  •  .  100  ,, 

The  two  oxides  may  be  intimately  mixed,  or  else  a  solution 
of  a  cobalt  salt  is  treated  with  one  of  aluminium  sulphate  in 
suitable  proportions,  the  mixture  being  precipitated  with  soda 
solution  and  the  precipitate  washed,  dried,  and  strongly 
calcined. 

COBALT  BLUE  (PURE  DARK  BLUE). 

Cobalt  oxide . 60  parts, 

Quartz  meal  .  .  •  •  •  15  ,, 

Refractory  stoneware  glaze  .  .  .  25  ,, 

are  intimately  mixed  in  the  mill,  strongly  calcined,  and  ground 
fine. 

DARK  BLUE. 

Cobaltous  phosphate  ....  180  parts. 

Alumina  ...•••  100  >> 
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MEDIUM  BLUE. 


Tlie  colour  of  the  above  mixture  may  be  progressively 
lightened  by  increasing  additions  of  zinc  oxide.  Ordinary 
medium  blue  has  the  following  composition : — 


Cobaltous  phosphate 

Alumina 

Zinc  oxide  . 


34  parts. 
50  „ 

20  „ 


PALE  BLUE. 


Cobaltous  phosphate 

Alumina 

Zinc  oxide  . 


10  parts. 
50  „ 

35  „ 


Mixed  Blues. 

These  mixed  colours  can  be  obtained  either  by  mixing 
various  greens,  yellows,  or  small  amounts  of  black  with  pure 
blue,  or  else  prepared  direct.  Several  formulae  are  given  below, 
and  these,  of  course,  can  be  modified  by  altering  the  proportions, 
so  as  to  obtain  suitable  variations  in  shade. 


DARK  BLUE-GREEN. 

Cobaltic  oxide  .... 
Chromic  oxide  .... 
Alumina  ..... 


170  parts. 
80  „ 


LIGHT  BLUE-GREEN. 

Cobaltous  chromate 

Zinc  oxide  ..... 

Alumina  ..... 


60  parts. 
40  „ 
100  „ 


VERY  LIGHT  BLUE-GREEN. 

Cobaltous  chromate 

Alumina  ..... 

Zinc  oxide  ..... 


30  parts. 


200 

150 


JJ 

>>  v 
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LIGHT  TURQUOISE. 

Cupric  phosphate  .  .  .  .120  parts. 

Tin  oxide . 150  „ 


Brown  Underglaze  Colours. 

These  colours  are  usually  prepared  from  mixtures  of 
manganese  oxide,  chromic  oxide,  and  zinc  oxide,  alumina 
being  also  used  in  certain  cases. 


DARK  BROWN. 

Alumina  .... 
Ferric  oxide 
Chromic  oxide 


200  parts. 


80 

76 


J) 
J  J 


RED-BROWN. 

Zinc  oxide  .... 
Ferric  oxide 
Chromic  oxide 


194  parts. 


80 

76 


5? 


LIGHT  RED-BROWN. 


The  same  ingredients  are  used  as  in  the  latter  case,  the 
proportion  of  zinc  oxide  being  increased  and  alumina  introduced 
into  the  formula. 


Zinc  oxide  . 
Alumina 
Chromic  oxide 
Ferric  oxide 


242  parts. 
51  „ 

76  „ 


YELLOW-BROWN. 

Zinc  oxide  ..... 
Alumina  ..... 
Ferric  oxide  .... 
Chromic  oxide  .... 


325  parts. 
50  „ 

80  „ 

76  .. 
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MANGANESE  BROWN. 

Brown  underglaze  colours  can  also  be  obtained  by  using 
manganese  compounds,  the  tones,  however,  differing  con¬ 
siderably  from  those  prepared  with  ferric  and  chromic 
oxides.  Both  very  deep  and  light  brown  shades  can  be 
produced. 

True  manganese  brown  consists  of  a  mixture  of  manganous 
oxide  and  alumina,  and  can  be  obtained  by  mixing  solutions  of 
manganous  sulphate  and  potassium  alum,  and  treating  the 
mixture  with  a  solution  of  sodium  carbonate  so  long  as  a 
precipitate  continues  to  form,  the  latter  being  then  washed, 
dried,  and  calcined. 

JSTevertheless,  to  obtain  a  given  shade  of  brown,  it  is  neces¬ 
sary  to  work  with  definite  quantities  of  materials,  the  colour 
depending  on  the  ratio  between  the  manganous  oxide  and 
alumina.  As  an  example — 

Potassium  alum  .  .  .  .  .  47  parts, 

Manganous  sulphate  .  .  .  .  14  ,, 

are  dissolved  in  water  and  treated  with  a  solution  of  30  parts 
of  anhydrous  sodium  corbonate. 

DARK  MANGANESE  BROWN. 

Manganic  oxide  .....  80  parts. 

Chromic  oxide  .  .  .  .  .  75  ,, 


MULBERRY  BROWN. 

A  solution  of  14  parts  of  manganous  sulphate  is  mixed  with 
one  of  48  parts  of  potassium  alum  (free  from  iron),  and  treated 
with  a  solution  of  30  parts  of  anhydrous  sodium  carbonate,  the 
resulting  precipitate  being  Avell  washed  with  hot  water  and 
slightly  calcined. 
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VIOLET  MANGANESE  BROWN. 

Manganous  phosphate  .  .  .  .  178  parts. 

Tin  oxide  ....  75 

1  u  j, 

The  mixture  is  strongly  calcined. 


Grey  Underglaze  Colours. 

An  ordinary  grey  can  he  very  simply  prepared  by  mixing 
black  with  finely  ground  biscuit  sherds  in  suitable  proportions. 
In  order  to  obtain  the  same  tone  in  all  cases,  it  is  advisable 
to  prepare  a  colour  scale  for  grey,  by  mixing  the  above 
ingredients  in  various  definite  percentage  proportions. 

PLATINUM  GREY. 

This  grey  is  prepared  by  mixing  biscuit  porcelain  meal  with 
platinum-ammonium  chloride,  and  calcining  the  mass,  the 
platinum  compound  being  decomposed,  with  deposition  of  the 
metal  in  a  very  finely  divided  state,  the  grey  being  darker 
in  colour  the  larger  the  amount  of  platinum  used. 

Platinum-ammonium  chloride  is  prepared  by  dissolving 
platinum  clippings  in  a  mixture  of  3  parts  of  hydrochloric 
acid  and  1  of  nitric  acid,  carefully  evaporating  the  solution 
to  dryness,  and  adding  to  the  platinum  chloride  an  equal 
quantity  of  sal  ammoniac  dissolved  in  water,  the  whole  beiim 
evaporated  to  dryness.  The  product  is  dissolved  in  water  and 
used  for  uniformly  moistening  the  ground  biscuit  porcelain,  the 
mass  being  then  dried  and  gently  calcined. 

IRIDIUM  GREY. 

A  very  handsome  grey  is  obtained  by  calcining  iridium 
sesqui-oxide  with  biscuit  porcelain  meal ;  but,  being  more 
expensive  than  platinum  grey,  this  colour  is  rarely  used. 
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Black  Underglaze  Colours. 

The  simplest  method  of  obtaining  a  pure  black  is  by  using 
the  native  mineral,  chrome  ironstone,  which  is  a  compound  of 
ferric  and  chromic  oxides.  The  selected  lumps  of  the  mineral 
must  be  free  from  impurities,  and  when  finely  ground,  and 
levigated,  are  mixed  with  stoneware  glaze  or  boric  acid  and 
treated  further. 

V  arious  tones  of  black,  brownish,  greenish,  or  blue-black, 
can  be  obtained  by  correspondingly  altering  the  proportions 
between  the  ferric  oxide  and  chromic  oxide,  an  addition  of 
cobalt  oxide  being  necessary  in  the  case  of  blue-black. 


BLUE-BLACK. 


Ferric  oxide . SO  parts. 

Chromic  oxide  .  .  .  .  .  76  ,, 

Cobalt  oxide  .....  20  ,, 

Of  course  it  is  unnecessary  for  these  proportions  to  be  strictly 
adhered  to,  and  a  more  decided  blue  tinge  can  be  imparted  by 
increasing  the  amount  of  cobalt  oxide,  whilst  a  reduction  will 
give  a  colour  more  closely  approximating  to  pure  black. 


GREENISH  BLACK. 

Chromic  oxide  .....  76  parts. 

Ferric  oxide  .  .  .  .  .  40 

As  with  all  other  mixed  blacks,  the  oxides  must  be  in  a  very 
finely  divided  state  and  intimately  mixed  together,  the  mixture 
being  very  strongly  calcined  (white  heat)  before  use.  The  high 
temperature  renders  all  three  of  the  oxides  in  question  more 
compact  and  better  able  to  resist  solvents.  For  example,  whilst 
the  uncalcined  oxides  are  readily  soluble  in  sulphuric  acid,  they 
have  to  be  boiled  in  the  acid  a  very  long  time,  after  calcination, 
before  they  can  be  brought  into  solution. 
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BROWNISH  BLACK. 

Chromic  oxide  .  .  .  .  .  76  parts. 

Ferric  oxide  .  .  .  .  .  80  ,, 

The  brownish  tone  becomes  more  and  more  apparent  in 
proportion  as  the  amount  of  ferric  oxide  is  increased. 


The  underglaze  colours  being  usually  applied  to  the  unglazed 
ware,  which  is  very  porous,  they  could  not  be  used  mixed  with 
water  alone,  since  the  water  would  be  absorbed  so  rapidly  by 
the  ware  as  to  render  painting  impossible. 

To  obviate  this  defect  the  colours  must  be  incorporated  with 
a  small  quantity  of  some  substance  possessing  a  certain  binding 
power,  so  that  the  colours  will  stick  firmly  on  the  surface  of  the 
ware  after  the  solvent  has  evaporated.  Such  a  medium  is 
found  in  a  very  dilute  solution  of  gum  arabic  or  tragacantb,  or 
in  concentrated  glycerine.  The  proper  amount  to  be  used  must 
be  ascertained  by  trial,  since  an  excess  of  these  organic  sub¬ 
stances  would  carbonise  and  spoil  the  appearance  of  the  ware 
when  fired. 

In  the  author’s  experience,  however,  the  best  medium  for 
this  purpose  is  rectified  oil  of  turpentine,  containing  about 
1  per  cent,  of  linseed  oil  that  has  been  boiled  to  the  consistence 
of  syrup.  Colours  ground  with  this  medium  can  be  applied  to 
the  ware  with  the  greatest  ease,  without  being  absorbed  into 
the  ware.  The  oil  of  turpentine  quickly  evaporates,  and  the 
trace  of  linseed  oil  is  sufficient  to  cause  the  colour  to  stick, 
without  the  slightest  fear  of  the  decoration  being  spoiled  by  the 
carbonisation  of  the  oil. 

In  dealing  with  the  methods  of  decorating  ware  by  mechanical 
means  (printing  and  transfer  papers),  we  shall  see  that  similar 
media  are  employed. 
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Flowing  Underglaze  Colours,  or  Flux  Colours. 

Colours  used  under  glaze  must  necessarily  be  of  such  a  nature 
that  they  are  not  attacked  by  the  fusing  glaze,  or  themselves 
fuse  at  the  temperature  of  the  glazing  kiln.  The  foregoing 
underglaze  colours  fulfil  this  condition  perfectly,  and  will 
stand  the  highest  temperatures  of  the  porcelain  kiln.  Never¬ 
theless  it  can  be  shown,  by  the  following  experiment,  that  even 
the  pure  oxide  begins  to  be  volatile,  though  only  to  a  small 
extent,  at  these  temperatures. 

A  design  is  painted  with  pure  cobalt  oxide  on  a  small  plate  of 
biscuit  porcelain,  and  over  the  latter  is  placed  a  second  plate  of 
the  same  kind,  taking  care  that  they  do  not  touch  each  other,  but 
have  a  free  space  of  about  J^th  of  an  inch  between  them.  On 
exposing  these  plates  to  the  sharp-fire  temperature  of  the 
porcelain  kiln,  it  will  be  found  that  a  replica  of  the  design,  in 
blue  outlines,  is  reproduced  on  the  lower  surface  of  the  upper 
plate.  The  only  way  in  which  this  phenomenon  can  be 
explained  is  by  the  volatilisation  of  a  certain  quantity  of 
the  cobalt  oxide  and  its  deposition  on  the  upper  plate. 

Stoneware  and  porcelain  are,  however,  sometimes  met  with 
that  are  painted  with  cobalt  blue  designs,  the  contours  of 
which  are  not  sharp,  but  soft  and  pale,  as  though  the  colour 
had  been  applied  wet  and  had  run.  The  once  very  popular 
“onion  pattern”  ware,  made  to  a  large  extent  in  Saxony, 
formed  a  very  good  example  of  blue  flowing  underglaze 
colour. 

The  chief  point  in  the  preparation  of  these  colours  is  to 
convert  a  portion  of  the  oxides  present  in  the  colour  -  into 
chlorides  during  the  filing  process.  The  chlorides  of  nickel, 
iron,  cobalt,  etc.,  are  volatile  substances,  and  begin  to  volatilise 
as  soon  as  they  are  formed,  staining  the  adjacent  parts  of  the 
glaze  deeply,  and  the  more  remote  portions  more  and  more 
faintly,  until  finally  the  clear  white  of  the  glaze  appears. 
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Flowing  colours  can  be  prepared  in  pink,  blue,  brown,  etc., 
the  most  frequent,  however,  being  cobalt  blue.  The  glaze  used 
must  not  be  too  readily  fusible,  or  it  would  melt  at  a  tempera¬ 
ture  insufficient  to  decompose  the  chlorides,  and  therefore 
would  furnish  designs  of  sharp  contour  instead  of  in  flowing 
colour. 

The  volatile  chloride  generally  employed  is  lead  chloride, 
which  is  obtained  in  the  form  of  “  flux  balls.”  Since  a  certain 
amount  of  water  vapour  is  always  present  in  the  mass,  the 
reaction  proceeds  on  the  following  lines :  the  lead  chloride 
and  steam  form  hydrochloric  acid  when  heated,  this  acid 
attacking  the  cobalt  compound  in  the  mass  and  converting  it 
into  cobalt  chloride  which  volatilises.  This  chloride,  however, 
immediately  comes  in  contact  with  other  portions  of  the  glaze, 
the  acid  in  which  breaks  it  up  again  into  cobalt  oxide  and 
hydrochloric  acid,  the  former  of  which  acts  as  a  pigment  on 
this  part  of  the  glaze.  A  small  proportion  of  the  cobalt 
chloride  travels  somewhat  further  in  the  glaze  before  it  meets 
with  the  same  fate,  but  as  the  quantity  of  cobalt  oxide  then 
liberated  is  small,  the  colour  is  fainter;  and  so  on,  until,  at 
a  certain  distance,  there  are  no  more  vapours  of  cobalt  chloride 
to  come  into  action,  and  the  glaze  therefore  retains  its  original 
whiteness. 

The  flux  balls,  which  are  placed  in  the  muffle  along  with 
the  ware,  are  made  in  different  ways,  by  mixing  lead  chloride 
•with  various  inert  substances,  and  forming  the  mass  into  balls 
about  half  an  inch  in  diameter.  According  to  one  approved 
recipe,  the  method  of  preparing  the  mass  is  as  follows  : — 

A  mixture  is  made  of  1000  parts  of  lead  acetate,  Avith  100 
parts  of  hydrochloric  acid  and  double  that  quantity  of  water, 
the  whole  being  well  stirred  and  mixed  with  1100  parts  of 
dry  levigated  chalk  or  finely  powdered  white  marble,  and 
enough  water  to  make  the  mass  up  into  balls.  The  latter  are 
dried  at  ordinary  temperature,  and  are  then  placed  in  the 
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muffles  containing  the  ware  to  be  decorated  with  flowing 
colour. 

When  it  is  necessary  to  use  glazes  richer  in  lead  than  usual,’ 
the  flux  halls  must  not  give  off  vapours,  of  lead  chloride  imtil 
a  higher  temperature  is  reached.  The  mass  for  these  balls 
is  prepared,  for  instance,  of  common  salt  and  red  lead,  with 
some  inert  substance  such  as  gypsum,  diatomaceous  earth,  etc. 
Good  results  are  obtained  with  a  mixture  of  common  salt 
6  parts,  gypsum  5  parts,  and  red  lead  2  parts ;  and  the  mixture 
may  either  be  made  up  into  balls  or  placed  on  a  small  tray  and 
inserted  in  the  muffle  containing  the  ware. 

Of  course  no  other  ware  may  be  placed  in  the  same  muffle 
that  is  being  used  for  flowing  colours ;  and  it  is  better  to 
charge  the  kiln  entirely  with  muffles  so  filled,  it  being  very 
difficult  to  close  the  muffles  so  completely  as  to  prevent  the 
escape  of  the  chloride  vapours,  for,  should  the  latter  find 
their  way  into  muffles  containing  ware  not  intended  for  this 
kind  of  decoration,  injurious  results  would  ensue. 

As  already  mentioned,  flowing  colour  decoration  is  prefer¬ 
ably  confined  to  cobalt  blues,  but  other  colours  can  also  be 
treated  in  the  same  way.  All  shades  of  pink,  for  example, 
can  be  used  as  flowing  colours,  no  addition  being  needed 
when  the  colour  already  contains  cobalt ;  and  when  this  is 
absent,  the  addition  of  a  very  small  quantity  of  cobalt  oxide 
will  be  sufficient  to  produce  the  desired  effect. 

Underglaze  colours  containing  cupric  oxide  furnish  flowing 
colours  with  a  greenish  tinge.  The  (brown)  nickel  colours 
also  need  but  a  very  small  addition  of  cobalt  oxide  to  convert 
them  into  flowing  colours.  This  circumstance  indicates  that, 
at  the  high  temperature,  cobalt  chloride  is  first  formed,  which 
then  reacts  on  the  other  metallic  oxides  to  form  cupric  or 
nickel  chloride  exerting  a  pigmentary  action  on  the  adjacent 
parts  of  the  glaze. 

The  temperatures  at  which  the  underglaze  colours  are  fired 
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being  not  immoderately  high,  the  noble  metals — gold,  silver,  and 
platinum — can  be  applied  under  the  glaze  too.  The  method  of 
preparing  these  metals  will  be  described  later. 

Owing  to  the  difficulty  of  retouching  any  defects  on  ware 
decorated  with  underglaze  colours,  it  is  usual  in  the  case  of 
artistic  ware  to  first  coat  the  pieces  with  a  refractory  white 
glaze.  The  colour,  mixed  with  turps  and  boiled  oil,  as  already 
described,  is  then  applied  to  this  glaze,  from  the  smooth 
surface  of  which  any  defective  portions  can  be  easily  wiped 
off.  When  the  painting  is  finished,  the  ware  is  lightly  baked, 
to  destroy  the  small  amount  of  organic  matter  present,  and  is 
then  coated  with  a  fusible  glaze.  The  decoration  is  thus 
enclosed  between  two  layers  of  glaze  and  thoroughly  protected 
from  wear  and  tear. 


CHAPTER  Y. 


Applying  the  Colours  on  Earthenware. 

S  already  mentioned,  the  best  medium  for  applying  under- 


glaze  colours  consists  of  rectified  oil  of  turpentine  and 
a  little  boiled  linseed  oil.  Provided  the  amount  of  medium 
used  be  small,  the  ware  can  be  glazed  and  fired  as  soon  as 
the  colours  are  dry ;  but,  especially  in  the  case  of  fine  ware, 
it  is  advisable  to  first  bake  the  pieces  lightly,  in  order  to 
burn  off  the  organic  matter  which  might  otherwise  spot  the 


colours. 


Hand  painting,  being  expensive,  is  seldom  employed  except 
when  very  fine  or  very  cheap  ware  is  in  question.  In  the 
former  case  the  work  is  performed  in  exactly  the  same  way 
as  in  painting  on  porcelain,  and  in  the  other  the  colours  are 
brushed  on  roughly,  without  any  attempt  at  artistic  effect. 
This  can  easily  be  seen  by  examining  cheap  painted  ware. 

Of  late,  however,  mechanical  appliances  have  been  intro¬ 
duced  for  painting  cheap  ware,  and  furnish  much  better  results 
than  crude  handwork.  The  first  of  these  processes  consisted 
in  using  stencils  arranged  so  that  the  parts  of  the  ware  not 
intended  to  receive  colour  were  protected,  the  colour  adhering 
only  to  the  exposed  parts.  A  further  advance  in  this  direc¬ 
tion  was  the  use  of  elastic  stamps  and  spraying  on  the  colours. 

The  greatest  progress  in  this  direction,  however,  consisted 
in  the  introduction  of  transfer  polychrome  printing,  which 
has  gradually  been  developed  to  such  a  pitch  of  perfection 
that  ware  decorated  in  this  manner  bears  so  close  a  resemblance 
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to  hand  painting  as  to  deceive  the  uninitiated.  The  best  proof 
of  the  excellence  of  this  method  is  afforded  by  the  fact  that 
it  is  now  frequently  used  for  the  finest  porcelain,  especially 
where  the  reproduction  of  the  same  design  on  a  large  number 
of  pieces  is  in  question,  e.g.  crests  and  monograms  on  table¬ 
ware. 


APPLYING  COLOURS  WITH  STENCILS. 

The  oldest  method  of  stencilling  is  by  means  of  a  fine  bath 
sponge,  cut  so  as  to  present  a  flat  surface  on  one  side.  When 
this  surface  is  applied  to  the  colour  spread  out  on  a  plate  near 
the  worker,  the  colour  will  stick  to  all  parts  of  the  sponge 
brought  into  contact  with  it,  leaving  the  pores  of  the  sponge 
free  from  colour ;  and  on  pressing  the  charged  sponge  lightly 
on  the  surface  of  the  ware,  the  colour  will  be  taken  up  by 
the  latter,  the  parts  corresponding  to  the  pores  in  the  sponge 
remaining  uncoloured. 

In  this  manner  a  large  number  of  pieces  can  be  coloured 
in  a  very  short  time,  and  the  designs  have  a  very  handsome 
appearance.  When  flowing  colours  are  used  (for  which  purpose 
a  sponge  with  rather  large  pores  is  best),  an  intermingled 
marbling  is  produced  which  gives  a  very  fine  effect. 

The  sponging  method  can  be  modified  in  a  number  of  ways, 
one  of  them  being  to  cut  a  spherical  piece  of  sponge  and  tie  it 
up  tightly  in  a  piece  of  linen,  to  form  a  ball,  which  is  fastened 
on  to  a  handle  and  dipped  in  the  colour.  According  to  the 
amount  of  pressure  with  Avhich  this  ball  is  applied  to  the 
surface  of  the  ware,  circular  patches  of  colour  of  different  sizes 
will  appear  on  the  ware,  a  very  good  effect  being  obtained  with 
flowing  colours. 

In  stencil  work,  stencils  of  various  materials  may  be  used, 
the  oldest  form  being  thin  sheets  of  metal  (zinc  or  copper),  less 
frequently  oiled  paper.  The  method  of  using  these  stencils  is 
simple  in  the  extreme ;  the  operator  applies  the  stencil  to  the 


Applying  the  Colours  on  Earthenware  129 

part  to  be  provided  with  a  given  colour,  and  brushes  the  fairly 
dry  colour  over  the  exposed  surface  with  a  short-haired  and 
fairly  soft  brush.  By  this  means,  and  by  using  a  large 
number  of  stencils,  it  is  possible  to  produce  certain  simple 
effects.  Thus,  to  stencil  a  rose,  the  first  stencil  plate  used  is 
cut  to  represent  the  dark  red  portions  of  the  flower,  two  lighter 
tones  being  put  in  with  a  second  and  third  stencil.  The  green 
stalk  and  the  leaves  can  also  be  reproduced  by  means  of  two 
shades  of  colours. 


THE  RUBBER  STAMP. 

The  introduction  of  rubber  stamps  constituted  a  great 
advance  on  stencilling,  inasmuch  as  they  enable  even  very  fine 
lines  and  dots  to  be  transferred  in  colour,  with  perfectly  clean 
outlines,  to  the  surface  of  the  ware. 

The  stamps  are  prepared  by  making  a  model  of  the  inscrip¬ 
tion  or  design  to  be  reproduced,  in  some  soft  material,  which  is 
then  used  as  a  matrix,  into  which  the  soft,  thin  paste  of 
caoutchouc  is  pressed,  so  as  to  enter  all  the  finest  depressions 
in  the  matrix,  the  rubber  being  then  vulcanised.  These 
vulcanised  stamps  are  very  elastic  and  strong,  enabling  many 
thousand  impressions  to  be  given  without  any  appreciable  wear 
of  the  stamp. 

Colours  to  be  applied  with  rubber  stamps  must  be  spread,  in 
a  thin  uniform  layer,  on  an  elastic  pad.  The  operator  presses 
the  stamp  on  the  pad,  thus  covering  the  projecting  portions  of 
the  stamp  with  colour,  and  then  applies  it  gently  to  the  surface 
of  the  ware,  so  as  to  transfer  the  colour  to  the  latter.  The  porous 
surface  of  the  ware  takes  up  the  whole  of  the  colour,  and  the 
stamp  must  therefore  be  applied  to  the  pad  again  after  each 
impression. 

By  using  different  stamps,  each  in  turn  for  a  separate  colour, 
it  is  easy  to  reproduce  a  number  of  simple  designs,  such  as 
flowers,  leaves,  inscriptions,  etc. ;  and  experienced  workers 
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soon  acquire  sufficient  skill  in  this  class  of  decoration  as  to 
produce  very  handsome  effects. 

THE  SAND  BLAST. 

Latterly,  the  sand  blast  so  largely  employed  in  decorating 
glass  ware  has  found  very  useful  application  for  coating 
earthenware  with  various  underglaze  colours.  The  principle  of 
this  apparatus  is  as  follows  : — 

When  fine-grained,  hut  very  hard,  sand  is  forced  against  the 
surface  of  glass  by  means  of  a  current  of  air  or  steam,  working 
at  a  pressure  of  at  least  several  atmospheres,  the  fine  particles 
of  sand  exert  a  remarkably  destructive  action  on  the  glass.  In 
a  very  short  time  the  affected  parts  of  the  glass  become  matt, 
soon  after  appearing  as  though  engraved,  and  within  a  very 
few  minutes  a  fairly  thick  sheet  of  glass  will  he  bored  right 
through  by  the  sand  blast. 

In  the  glass  industry  the  sand  blast  is  being  more  and  more 
used  to  replace  grinding  and  engraving,  the  application  of 
suitable  stencils  enabling  any  desired  pattern  to  he  cut  to  any 
depth. 

In  decorating  pottery  the  sand  blast  can  be  used  for  applying 
underglaze  colours  or  coloured  glazes  to  the  whole  or  any  part 
of  the  surface  of  the  unglazed  ware. 

Similarly,  the  glaze  can  be  removed  from  any  desired 
part  of  the  surface  of  glazed  ware,  or  these  portions  can 
he  matted  in  such  a  way  as  to  enable  fresh  colour  to  he 
applied. 

The  sand  blast  is  constructed  in  a  number  of  types,  according 
to  the  purpose  in  view,  steam  being  used  in  some  cases  to 
replace  compressed  air  for  forcing  the  sand ;  hut  for  ceramic 
purposes  the  air  blast  alone  is  used,  though  it  may  occasion¬ 
ally  be  replaced  by  the  steam  blast  when  glaze  is  to  be 
removed  from  parts  of  the  surface  of  glazed  ware. 

A  sand-blast  apparatus,  specially  suitable  for  operating  on 
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small  articles,  and  capable  of  being  worked  by  band  or  power, 
is  illustrated  in  Fig.  16.  The  vertical  cylinder  represents  the 
blower,  the  attached  hopper  containing  the  sand,  which  is 


carried  to  the  surface  of  the  ware  (B)  through  a  rubber  tube. 
With  this  apparatus  it  is  easy  to  decorate  ware  with  letters, 
monograms,  or  small  ornaments. 


Fig.  16. 
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Figs.  17  and  18  show  a  sand  blast,  viewed  from  the  side,  and 
open,  in  which  the  pieces  can  be  turned  about  both  on  a 
horizontal  and  vertical  axis,  thus  enabling  the  ware  to  be 
operated  upon  in  any  desired  position. 

The  sand-blast  apparatus  can  be  advantageously  employed  to 
glaze  a  large  quantity  of  biscuit  ware,  the  sand  being  replaced  by 
finely  ground  glaze  and  the  ware  having  been  previously  dipped 
in  an  adhesive  liquid  in  order  that  the  glaze  may  stick.  For 


Fig.  17.  Fig.  18. 


this  purpose  a  very  weak  solution  of  gum  may  be  used,  though 
suitably  diluted  glycerine  is  preferable,  this  latter  substance 
being  strongly  adhesive,  whilst  at  the  same  time  it  possesses 
the  property  of  volatilising  without  residue  at  a  certain 
temperature.  Hence  the  ware  sprayed  with  glaze  can  be  fired 
at  once. 

To  apply  glaze  with  the  sand-blast  machine,  the  dipped  ware 
is  placed  in  the  chamber  of  the  machine,  the  glaze  powder 
being  blown  against  it  as  it  makes  a  single  revolution  on  its 
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axis.  The  glaze  sticks  in  a  perfectly  uniform  layer  and  can  be 
transferred  to  the  kiln  at  once.  To  enable  the  work  to  be 
performed  continuously,  the  chamber  of  the  machine  is  divided 
into  two  compartments,  in  one  of  which  glaze  is  being  applied 
to  a  piece  of  ware  whilst  the  other  is  being  emptied  and 
recharged. 

By  means  of  this  machine,  glazes  of  different  colour  can  be 
applied  to  one  and  the  same  piece  of  ware,  by  protecting  parts 
of  the  surface  during  the  application  of  the  glazes.  Thus,  if  a 
more  or  less  cylindrical  piece  is  to  appear  white  in  the  upper 
portion  and  pink  below,  the  lower  half  is  protected  by  a  plate 
while  the  top  is  being  sprayed  with  white  glaze,  this  procedure 
being  then  reversed  while  the  lower  half  is  being  coated  with 
the  pink  glaze.  Since  the  protecting  plate  does  not  fit 
absolutely  tight  against  the  surface  of  the  ware,  there  will  be 
no  sharp  line  of  demarcation  between  the  white  and  the  pink, 
but  each  will  blend  into  the  other  in  a  manner  very  agreeable 
to  the  eye. 

Designs  of  all  kinds  can  also  be  applied  in  colour  in  a  similar 
manner,  all  that  is  necessary  being  to  cover  the  piece  with  a 
stencil  cut  out  in  the  parts  to  be  reached  by  the  coloured  glaze 
powder;  and  in  fact,  by  using  a  series  of  stencils,  designs  of 
various  colours  can  be  reproduced  in  this  machine.  As  a  rule, 
however,  only  a  single  application  of  glaze  is  given,  polychrome 
designs  being  easily  reproduced  by  printing. 

For  small  designs,  such  as  single  letters  or  monograms,  in 
colour  on  tableware,  either  a  rubber  stamp  is  used,  or  else  the 
sand  blast,  the  piece  in  the  latter  case  being  covered  with  a 
stencil  cut  to  represent  the  design  required. 

The  most  suitable  material  for  stencil  plates  for  coloured 
glazes  is  very  thin  sheet  tin  or  stilf  paper,  both  of  which  can  be 
applied  so  close  to  the  surface  of  the  ware  as  to  give  sharp 
edges  to  the  letters,  etc.,  reproduced.  Where  a  large  number 
of  reproductions  is  required  it  is  best  to  use  paper  stencils, 
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a  number  of  which  are  cut  by  an  iron  punch  of  the  proper 
shape.  The  stencil  being  fixed  in  position  against  the  piece 
by  one  workman,  a  second  then  holds  the  piece  under  the  blast 
nozzle  for  a  moment  and  passes  it  on.  The  work  is  performed 
more  rapidly  in  this  Avay  than  if  the  one  stencil  had  to  be 
applied  to  each  piece. 

To  remove  the  glaze  from  any  particular  part  of  a  piece  of 
glazed  ware,  a  sand  blast  must  be  used,  by  means  of  which 
sharp  quartz  sand  is  impelled  against  the  place  Avith  consider¬ 
able  force.  This  soon  remo\res  the  hard  but  thin  coating  of 
glaze,  and  reveals  the  matt  surface  of  the  biscuit. 

This  method  can  be  advantageously  adopted  for  decorating 
large  pieces  of  art  Avare,  such  as  vases,  etc.,  with  gold  or  colours. 
The  vase  is  completely  covered  Avith  colourless  glaze,  and 
over  this  is  applied  a  thick  paper  stencil,  cut  away  in  the  parts 
Avhere  the  glaze  is  to  be  removed  from  the  vase,  e.g.,  an  oval 
surface  on  Avhich  a  picture  is  to  be  painted.  The  vase  is  then 
put  under  the  sand  blast,  the  removal  of  the  glaze  being  indicated 
by  the  appearance  of  the  matt  surface  of  the  biscuit.  The 
surface  can  then  be  gilded  or  painted  in  any  desired  way,  the 
colours  being  finally  fired  in  the  muffle.  The  sand  blast  may 
also  be  used  for  rectifying  defects,  such  as  specks,  dots,  unevenly 
flowed  patches,  etc.,  in  the  glaze  of  expensive  and  otherwise 
perfect  pieces,  the  matted  surfaces  being  afterwards  reglazed. 

APPLICATION  OF  COLOUHS  TO  THE  AVARE  BY  TRANSFERS. 

The  so-called  “printing”  on  stoneAvare  and  other  ceramic 
bodies  is  not  really  printing  in  the  ordinary  sense,  but  a  trans¬ 
ference  of  a  printed  impression.  Since  polychrome  designs 
can  be  applied  in  this  Avay  as  Avell  as  those  in  monochrome, 
the  process  enjoys  Avidcspread  application  in  ceramics,  especially 
since  it  reached  its  present  state  of  perfection,  because  it  has 
solved  the  problem  of  decorating  Avare  in  a  cheap  and  simple 
manner  with  very  handsome  designs. 
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The  essential  feature  of  the  transfer  process  for  ceramic 
purposes  consists  in  making  an  impression  on  specially  prepared 
paper  of  a  design  engraved  or  etched  on  a  plate  of  steel,  copper, 
or  stone  (aluminium  also  of  late),  ceramic  colours  of  course 
being  used.  The  fresh  impression  is  applied  to  that  part  of 
the  ware  which  is  to  be  decorated,  and  is  pressed  firmly  there¬ 
on.  The  adhesive  colour  sticks  very  fast  to  the  porous  ware, 
and  the  specially  prepared  paper  can  be  carefully  peeled  off, 
leaving  the  design  behind.  The  ware  is  then  exposed  to  a 
low  red  heat,  to  destroy  the  binding  medium  with  which  the 
colours  have  been  ground,  after  which  it  is  glazed  and  fired. 

Although  the  entire  method  of  the  transfer  process  has  been 
sketched  in  these  few  words,  a  great  number  of  precautions  are 
needed  in  its  performance,  since  it  is  only  by  observing  these 
that  really  perfect  transfer  pictures  can  be  produced  on  ceramic 
ware. 

THE  ORIGINAL  PLATES  FOR  TRANSFER  PRINTING. 

At  one  time  steel  or  copper  plates  were  used  exclusively,  the 
latter  being  preferred  on  account  of  greater  ease  in  production 
and  the  softness  of  the  contours.  Latterly  aluminium  plates 
have  been  largely  used,  this  method  of  reproduction,  known  as 
“algraphy,”  being  more  frequently  employed  than  iitho  work. 

TRANSFER  PRINTING  FROM  STEEL  OR  COPPER  PLATES. 

Whatever  the  kind  of  plate  used,  the  engraving  or  etching 
must  be  unusually  deep,  since  a  very  thick,  viscid  varnish  is 
used  for  printing.  At  one  time  the  production  of  the  printing 
plates  was  an  expensive  matter,  the  soft  copper  plates  soon 
wearing  aAvay  and  needing  to  be  recut.  At  present,  however, 
this  defect  has  been  remedied,  the  original  plate  being  no 
longer  used  for  printing,  but  only  as  a  matrix  for  making  a 
large  number  of  electros. 

In  the  first  place,  a  plaster  or  gutta-percha  cast  is  taken  from 
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the  original  plate,  and  after  rubbing  the  cast  over  with  finely 
levigated  graphite  to  render  it  conductive,  an  electro  is  pre¬ 
pared  which  reproduces  with  perfect  fidelity  all  the  features 
of  the  original  plate.  In  the  case  of  a  design  that  is  to  be 
used  for  a  very  large  number  of  pieces,  and  is  therefore  liable  to 
wear  away  quickly,  a  large  number  of  these  electros  are  made, 
so  that  as  soon  as  one  shows  signs  of  wear  it  can  he  discarded 
and  replaced  by  a  fresh  one. 

Since  the  electros  are  of  chemically  pure  copper,  which  is  of 
a  very  low  degree  of  hardness  and  wrould  very  soon  wear  down, 
they  are  usually  aced  with  cohalt  or  steel,  the  very  thin  layer 
of  the  harder  metal  deposited  on  the  copper  having  no  in¬ 
jurious  effect  on  the  sharpness  of  the  impressions. 

The  best  way  of  facing  the  plates  with  cobalt  is  by  dissolving 
40  parts  of  cobalt  chloride,  20  parts  of  sal  ammoniac,  and  20  parts 
of  ammonia  in  100  parts  of  water,  in  the  order  given.  When  a 
plate  of  clean  copper  is  dipped  in  this  solution  and  connected  with 
one  of  the  poles  of  a  battery,  a  very  feeble  current  is  sufficient  to 
quickly  cover  the  surface  of  the  copper  with  an  extremely  thin 
film  of  metallic  cobalt,  the  plate  having  the  appearance  of  silver. 

The  so-called  steel  facing  of  the  copper  plates  is  really  iron¬ 
plating,  as  the  deposition  film  consists  of  iron  and  hydrogen, 
free  from  any  trace  of  carbon  (the  characteristic  ingredient  of 
steel).  The  plating,  however,  is  as  hard  as  the  hardest  steel — 
hence  its  name. 

The  easiest  way  of  iron-plating  copper  is  that  recommended 
by  Professor  Meidinger,  which  is  performed  in  the  following 
manner : — 

Two  parts  of  ferrous  sulphate  and  1  of  sal  ammoniac  are 
placed  in  an  air-tight  bottle,  followed  by  1  part  of  soft,  rust- 
free  iron  (small  shoe  brads)  and  sufficient  Avater  to  dissolve  the 
salts,  the  whole  being  then  left  for  several  days.  The  metallic 
iron  serves  the  purpose  of  preventing  the  conversion  of  the 
ferrous  oxide  into  the  ferric  state.  The  plating  process  is 
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carried  on  in  a  wooden  or  glass  trough,  which  is  deeper  than 
the  length  of  the  copper  plate,  but  only  about  2  inches  wide. 
The  copper  plate  is  placed  against  one  wall  of  the  trough, 
with  an  iron  plate  in  a  parallel  position  against  the  other  wall, 
and  the  trough  is  filled  with  the  liquid  mentioned  above.  The 
two  plates  should  not  he  more  than  |-th  inch  apart ;  and  the 
copper  plate  is  connected  with  the  negative  pole  of  a  battery, 
whilst  the  iron  plate  is  connected  to  the  positive  pole.  The 
deposition  of  the  iron  begins  at  once,  and  the  film  of  metal  will 
attain  the  desired  thickness  in  5  to  15  minutes.  The  plate  is 
then  taken  out  of  the  trough,  rinsed  with  a  large  quantity  of 
water,  followed  by  washing  in  a  solution  of  sodium  carbonate, 
and  finally  by  rinsing  in  water  again,  after  which  it  is  dried. 
When  properly  coated,  the  plate  has  a  shiny,  handsome  grey 
appearance. 

The  copper  plate  must  he  made  perfectly  bright  before 
immersion  in  the  plating  bath,  by  dipping-  it  in  caustic  soda 
lye  for  a  few  minutes,  rinsing  it  in  water-hen  dipping  it  in 
very  dilute  sulphuric  acid,  followed  by  a  thorough  rinsing  with 
water ;  after  which  it  is  placed,  wet,  in  the  hath. 

PRINTING  ON  THE  TRANSFER  PAPER. 

The  transfer  paper  for  receiving  the  impression  from  the 
engraved  plate  is  prepared  in  a  special  manner,  and  must  be  of 
such  a  nature  that  the  paper  can  he  drawn  away  from  the 
baked  ware  at  a  certain  stage  of  the  transfer  process,  leaving 
the  coloured  print  adhering  to  the  ware. 

The  transfer  paper  must  he  as  thin  as  possible,  whilst  at  the 
same  time  possessing  considerable  strength.  These  two  pro¬ 
perties,  which  are  difficult  to  combine,  are  most  readily  found 
in  carefully  made  hemp  paper.  Other  fine  papers,  however, 
can  be  used,  the  chief  essential  being  that  the  paper  is  of  long 
staple,  and  subjected  to  heavy  pressure  in  the  finishing  process. 

Before  use  the  transfer  paper  must  be  coated  with  soap  on  the 
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side  to  be  printed,  so  that  the  colour  does  not  come  into  direct 
contact  with  the  paper,  but  rests  on  the  layer  of  soap. 

The  soap  mass  for  this  purpose  is  prepared  by  cutting  good 
white  curd  soap  into  fine  shreds,  and  boiling  these  with  pure 
water  in  a  vessel  until  fully  dissolved,  so  as  to  form  an 
opalescent  but  transparent  liquid  that  is  viscid  when  warm, 
and  in  this  condition  will  How  from  the  spatula.  The  presence 
of  dark  patches  in  the  mass  indicates  that  some  of  the  shreds, 
though  swollen,  are  not  dissolved.  The  soap  solution  must  be 
spread  evenly  over  the  paper. 

This  operation  can  be  performed  by  hand,  but  requires  much 
practice  to  ensure  uniform  distribution.  The  best  way  is  to 
brush  it  over  the  paper  with  a  broad  soft  brush  in  parallel 
strokes,  and  then  work  the  brush  in  a  direction  at  right  angles 
with  the  first.  Where  large  quantities  have  to  be  coated  it  is 
preferable  to  use  a  small  machine,  consisting  in  the  main  of  a 
rubber-faced  roller,  mounted  underneath  the  vessel  containing 
the  soap  solution.  The  latter  flows  in  a  stream  the  full  width 
of  the  roller,  and  is  distributed  evenly  over  the  surface  of  same 
by  means  of  a  doctor.  The  paper  to  be  coated  is  drawn  gently 
under  the  roller,  and  exhibits  a  uniform  coating  after  a  single 
passage  through  the  machine. 

The  preparation  of  the  printing  colours  also  differs  from 
that  of  colours  for  ordinary  copper-plate  printing.  The 
colours  used  are  underglaze  colours  in  the  highest  possible 
condition  of  fineness.  These  colours  are  ground  along  with  a 
very  thick  copper-plate  varnish  in  roller  mills,  such  as  are 
used  in  making  ink  for  the  finest  art  printing. 

The  resulting  colours  are  far  too  thick  to  be  fit  for  use  at 
ordinary  temperature,  but  since  they  become  much  thinner 
when  warm,  this  property  is  utilised  to  enable  them  to 
distribute  properly.  As  a  rule,  the  printing  colour  is  placed 
on  a  polished  cast-iron  plate,  mounted  horizontally  on  a 
suitable  frame,  and  warmed  from  below,  preferably  with  a 
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small  gas  flame,  the  colour  spread  on  the  plate  being  rubbed 
down  with  the  necessary  quantity  of  thick  varnish. 

The  copper  printing  plate  is  also  strongly  warmed,  and 
while  in  this  state  is  inked  with  the  colour,  by  means  of  a 
Avooden  spatula,  with  which  a  quantity  of  the  colour  is  taken 
out  from  the  plate  and  spread  over  the  copper  plate  gradually 
until  the  whole  surface  of  the  latter  is  covered.  The  spatula 
is  drawn  over  the  plate  in  various  directions  to  make  sure 
that  the  viscid  colour  has  filled  up  all  the  depressions  in  the 
deeply  engraved  plate.  This  done,  the  copper  plate  is  laid  on 
a  table  and  the  surplus  colour  is  removed  with  the  palette 
knife,  a  very  thin  but  broad  blade  of  highly  flexible  steel. 
The  knife  is  applied  to  one  of  the  narrow  sides  of  the  copper 
plate  and  then  drawn  evenly  over  the  entire  surface,  the 
operation  being  repeated  until  barely  any  colour  is  visible. 

The  final  traces  of  the  colour  are  removed  by  means  of  a 
pad  of  soft  leather  stuffed  with  soft  calves’  hair.  After  being 
energetically  rubbed  over  with  this  pad,  the  plate  is  cleaned 
once  or  twice  with  a  second  pad  of  soft  material. 

The  plate  is  now  ready  for  printing,  for  which  purpose  it  is 
laid  on  the  bed  of  the  press  and  covered  with  the  paper, 
coated  side  downward,  the  paper  being  backed  with  a  damp 
linen  cloth  covered  with  a  layer  of  felt,  and  the  whole  being 
spread  out  quite  smooth.  The  upper  roller  of  the  press  must 
also  be  faced  with  felt,  in  order  that  the  pressure  may  be 
distributed  uniformly  all  over  the  paper.  The  plate  is  run 
to  and  fro  through  the  press,  and  the  paper  then  taken  out. 

For  coloured  prints  the  paper  is  treated  in  exactly  the 
same  way  as  in  ordinary  colour  printing,  the  several  colours 
being  printed  in  succession  just  as  with  oil  colours.  The 
designs  to  be  applied  to  the  ware  being  generally  very 
small,  an  endeavour  is  made  to  utilise  the  surface  of  the 
printing  plate  as  much  as  possible,  in  order  to  obtain  a 
maximum  number  of  designs  on  the  sheet. 
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After  the  impression,  the  printing  plate  and  paper  are  laid 
on  a  level  metal  plate,  uniformly  warmed  from  helow  by 
means  of  a  number  of  small  gas  jets,  or  else  with  a  hot-water 
jacket,  kept  at  boiling  temperature  by  gas  flames,  so  that  the 
top  plate  is  raised  to  a  uniform  temperature  of  100°  C.  all 
over. 

The  plate  and  paper  are  left  in  this  position  until  the  latter 
is  perfectly  dry  and  can  be  lifted  from  the  plate  without 
pulling.  The  paper  is  then  turned  printed  side  up,  and  all 
the  unprinted  portion  is  cut  away,  as  closely  as  possible, 
with  scissors. 

TRANSFERRING  THE  DESIGN. 

The  transference  of  the  design  to  the  baked  ware  is  effected 
by  applying  the  printed  side  of  the  paper  to  the  parts  on  which 
the  design  is  to  appear,  and  pressing  them  down  smoothly 
with  the  hand.  When  the  paper  lies  quite  evenly  on  the 
ware,  it  is  pressed  with  a  rubbing  tool,  consisting  of  a  wooden 
rod  covered  with  soft  thick  flannel,  surrounded  by  an  evenly 
wound  layer  of  string.  To  enable  the  rubber  to  be  moved 
smoothly  over  the  paper,  it  is  rubbed  well  on  a  cake  of  hard 
soap. 

The  paper  is  pressed  evenly  on  the  ware  with  this  tool, 
which  is  then  applied  several  times  in  succession  under 
strong  pressure  and  a  drawing  motion.  The  ware  is  next 
placed  in  a  vessel  containing  water  at  a  temperature  of  about 
30-40°  C.,  in  which  it  is  left  until  the  paper  is  seen  to  be 
peeling  off.  This  contact  with  warm  water  causes  the  paper  to 
swell  up  rapidly,  and  the  intermediate  layer  of  soap  dissolves, 
thus  destroying  the  connection  between  the  paper  and  the 
colour.  All  that  is  then  necessary  to  detach  the  paper 
completely,  is  to  move  the  ware  about  in  the  water  several 
times.  On  no  account  should  an  attempt  be  made  to  hasten 
the  separation  of  the  paper  by  pulling  it,  because  it  only  sticks 
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at  the  points  where  the  soap  has  not  yet  properly  dissolved, 
and  consequently  portions  of  the  colour  would  be  pulled  off 
along  with  the  paper,  and  the  design  would  he  spoiled. 

The  design  is  now  on  the  ware,  but  is  not  yet  ready  to 
be  fired  or  glazed,  owing  to  the  presence  of  the  printing 
varnish,  which  would  be  carbonised  by  the  heat,  its  vaporous 
decomposition  products  at  the  same  time  producing  bubbles 
in  the  glaze,  and  the  carbonised  residue  making  the  design 
unrecognisable.  For  this  reason  the  ware  must  be  first  ex¬ 
posed  to  a  temperature  equivalent  to  dull  red  heat,  to  destroy 
the  varnish  and  leave  only  the  colour  on  the  surface  of 
the  clay.  This  operation  must  be  performed  in  muffles,  of 
such  dimensions  as  to  accommodate  the  largest  possible  number 
of  pieces  in  each. 

When  red  heat  is  attained,  the  ware  is  left  in  the  muffle  to 
cool  down  to  the  ordinary  temperature  again,  after  which  it  is 
glazed  and  fired.  To  prevent  any  chemical  reaction  between 
the  colours  and  the  glaze,  the  latter  should  be  readily  fusible, 
and  the  glazing  temperature  no  higher  than  necessary  to  make 
the  glaze  flow  properly. 

TRANSFERS  FROM  LITHOGRAPHIC  PLATES. 

When  transfers  are  printed  from  plates  of  metal,  whether 
steel  or  copper,  only  monochrome  designs  can  be  reproduced, 
and  these  merely  in  outline  or  with  stippled  shading.  By 
means  of  lithography,  however,  it  is  possible  to  reproduce 
designs  in  any  number  of  colours,  by  transfers,  so  that  the 
finished  ware  looks  as  though  painted  by  hand.  Analogous 
results  can  also  be  obtained  by  the  newer  process  of  algraphy 
(printing  from  aluminium  plates)  and  by  the  collodion 
process. 

In  litho  work  the  design  is  either  drawn  on  the  stone  with 
black  litho  chalk,  or  else  painted  with  lithographic  inks,  both 
media  having  the  property  of  resisting  the  liquid  (generally 
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very  dilute  nitric  acid)  used  for  etching  the  stone,  whilst  they 
are  easily  removed  from  the  stone  afterwards. 

After  drawing,  etching,  and  cleaning  the  stone,  the  design 
appears  on  the  surface  of  the  latter  in  relief,  and  will  take  up 
colour  from  an  inking  roller,  leaving  the  depressions  blank. 
On  applying  suitable  paper  to  the  inked  stone  and  putting 
both  through  the  press,  the  colour  is  taken  up  by  the  paper, 
leaving  the  stone  to  be  re-inked  for  a  fresh  impression. 

For  multiple  colour  printing — chromo-lithography — the  so- 
called  transfer  process  is  employed.  By  means  of  transfer  ink 
as  many  impressions  are  taken  from  the  original  plate  as  there 
are  colours  in  the  design,  and  these  pulls  are  transferred  to 
other  stones,  one  stone  for  each  colour.  The  next  step  is  to 
obliterate  from  each  stone  all  the  transfer  ink  except  in  the 
places  corresponding  to  the  colour  to  be  printed  by  that  stone ; 
and  when  all  the  stones  have  been  treated  in  this  way, 
printing  may  commence. 

It  follows,  as  a  matter  of  course,  that  precautions  must  he 
adopted  to  make  the  sheets  of  paper  register  properly  on  each 
stone,  so  that  the  colours  shall  be  printed  in  exactly  the  places 
where  they  belong.  This  is  effected  in  a  very  simple  manner 
by  marking  the  first  plate  with  two  lightly  drawn  crosses  near 
two  corners.  These  crosses  will  then  appear  on  each  pull  and 
on  each  stone,  and,  a  small  hole  being  bored  into  the  paper 
and  the  stones  at  the  points  of  intersection  of  the  cross  lines, 
the  sheets  of  paper  are  fixed  in  position  by  means  of  pins. 

In  making  colour  prints  for  transfer  to  ceramic  ware,  the 
colours  must  be  of  a  suitable  character  and  ground  with, 
the  printing  varnish  :  and  very  good  printing  paper  must  be 
used,  this  being  first  coated  with  an  intermediate  layer  of 
material  separating  the  colour  from  the  paper — as  already 
described  under  printing  from  copper  plates — so  that  the 
paper  can  be  removed  after  the  transfer  has  been  applied  to 
the  ware.  The  materials  used  for  this  intermediate  layer  must 
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be  capable  of  either  dissolving  easily  in  water  or  of  swelling 
up  quickly  in  that  liquid.  Hence,  use  may  be  made  of  solu¬ 
tions  of  gum,  glue,  or  dextrin,  which  are  soluble  ■  or  else  of 
starch  paste  or  tragacanth,  which  swell  up  quickly  in  contact 
with  water,  and  therefore  are  also  readily  detached  from  the 
layer  of  colour.  These  solutions  may  be  employed  separately 
or  mixed. 

To  enable  this  intermediate  layer  to  be  uniformly  distributed 
over  the  surface  of  the  paper  without  difficulty,  it  is  advisable 
to  stain  with  a  little  fuchsin  or  other  coal-tar  dye.  The  coat¬ 
ing  of  adhesive  material  is  then  applied  by  means  of  an  inking 
roller. 

The  printing  process  is  the  same  as  described  for  copper 
plates,  but  the  varnish  need  not  be  so  strong  as  in  the  latter 
case. 


COLOUR  PRINTING. 

The  operations  of  colour  printing  are  the  same  as  practised 
by  the  lithographer  with  ordinary  inks.  One  colour  is  printed 
at  a  time,  and  the  sheets  coming  from  the  press  are  laid  aside 
until  the  whole  impression  is  run  off,  whereupon  the  next 
colour  is  printed,  and  so  on,  until  the  design  is  completed. 
The  only  difference  between  this  process  and  ordinary  print¬ 
ing  is  that  the  colours  are  printed  in  reverse  order,  those 
intended  for  the  background  being  printed  last,  so  that  when 
the  transfer  is  applied  on  the  ware  the  series  will  appear  in 
proper  order. 

Another  method  is  to  print  from  each  stone  in  varnish  only, 
and  then  dust  the  corresponding  colour  over  the  paper,  to 
which  it  will  adhere  only  in  the  parts  covered  with  varnish, 
the  surplus  colour  being  removed  by  blowing.  In  this  case, 
of  course,  the  paper  must  be  left  long  enough  after  each 
application  for  the  varnish  to  dry  thoroughly  before  printing 
the  varnish  for  the  next  colour. 
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The  transference  of  the  design  from  the  paper  to  the 
porcelain  is  effected  in  the  following  manner  : — 

All  the  unprinted  portions  of  the  paper  are  cut  away  with 
the  scissors  as  carefully  as  possible.  The  paper  is  then  laid, 
printed  side  downward,  on  a  smooth  sheet  of  blotting-paper, 
and  moistened  on  the  back  with  a  sponge  just  sufficiently  for 
the  water  to  penetrate  through  the  paper  and  cause  the  inter¬ 
mediate  layer  to  swell,  but  without  wetting  the  printed  side. 

The  parts  of  the  porcelain  ware  to  be  decorated  are  painted 
over  with  a  very  dilute  lacquer  varnish,  which  is  left  to  dry 
until  very  tacky.  The  transfer  is  now  applied  to  the  ware, 
and  pressed  on  the  same,  from  the  centre  outward  to  prevent 
air-bubbles,  any  small  bubbles  that  cannot  be  helped  being 
pricked  with  a  needle  and  the  air  forced  out  by  careful  pressure 
with  the  fingers,  followed  by  rubbing  the  paper  smooth. 

This  done,  strong  pressure  is  applied,  and  the  ware  is  placed 
in  water.  After  a  short  time  the  paper  will  detach  itself  from 
the  ware,  in  consequence  of  the  intermediate  layer  having 
become  dissolved.  The  ware  is  then  taken  out  of  the  water 
and  left  to  become  perfectly  dry  in  a  place  free  from  dust. 
The  next  step  is  to  examine  the  ware  and  remedy  any  defects 
in  the  design  by  hand.  Additional  colours  can  also  be  applied  ; 
this  being  frequently  the  case  with  gold,  to  avoid  the  risk  of 
loss  of  the  metal  in  transfer  printing. 

The  transfer  process  is  greatly  facilitated  by  the  use  of 
collodion  paper  instead  of  papers  coated  with  gum  or  the 
like.  This  paper  can  be  prepared  by  coating  dried  gummed 
paper  with  a  layer  of  elastic  collodion,  obtained  by  mixing 
100  parts  of  commercial  collodion  (which  usually  contains 
4  per  cent,  of  gun-cotton)  Avith  an  equal  quantity  of  very 
strong  alcohol,  together  with  4  parts  of  castor-oil  and  8  parts 
of  Canada  balsam,  a  small  quantity  of  coal-tar  dye  being  added 
to  make  the  collodion  visible  when  applied  to  the  paper.  The 
colours  are  then  printed  on  the  collodion  in  the  usual  way, 
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The  transfer  is  accomplished  as  follows  : — 

The  paper  is  immersed  in  water,  which  soon  loosens  the 
layer  of  collodion  carrying  the  colour.  As  soon  as  this  separa¬ 
tion  is  observed,  the  paper  is  applied  to  the  ware,  and  can 
then  he  easily  drawn  away  from  the  collodion  layer,  leaving 
the  latter  and  the  colour  adhering  to  the  ware.  This  process 
offers  the  twofold  advantage  of  enabling  the  paper  to  he 
detached  without  risk  of  tearing,  whilst,  on  the  other  hand, 
the  colours  can  be  readily  seen  through  the  transparent  col¬ 
lodion,  so  that  it  is  easy  to  apply  the  transfer  exactly  at  the 
spot  the  design  ought  to  occupy  on  the  ware.  In  the  sub¬ 
sequent  operation  of  burning  in  the  colours,  the  collodion  film 
burns  away  without  any  residue. 

The  collodion  process  is  also  suitable  for  gold  printing,  the 
parts  to  be  gilded  being  printed  over  with  a  mixture  of  ferric 
oxide,  bismuth  oxide,  and  lampblack,  and  the  gold  leaf  applied 
as  in  gilding.  The  surplus  gold  is  wiped  off  after  the  varnish 
is  perfectly  dry. 

ALUMINIUM  PRINTING  (ALGRAPHY). 

Recently  a  convenient  modification  of  lithography  has  been 
adopted,  consisting  in  the  employment  of  aluminium  plates, 
instead  of  stone,  for  multiple  colour  printing.  This  method, 
which  is  known  as  “algraphy,”  has  the  advantage  that  the 
aluminium  plates  are  very  thin  and  are  no  heavier  than  glass 
plates  of  the  same  thickness,  whereas  litho  stones  are  very 
thick  and  heavy,  and  are  easily  cracked  in  the  press  if  care¬ 
lessly  handled,  a  defect  to  which  aluminium  plates  are  not 
liable. 

The  preparation  of  the  aluminium  plates  is  similar  in  many 
respects  to  that  of  litho  stones,  and  the  design  is  drawn  on  the 
plates  in  the  same  manner.  The  etching  process,  however,  is 
different,  a  solution  of  ordinary  (ortho-)  phosphoric  acid  being 
used.  The  etching  bath  is  prepared  by  making  a  solution  of 
10 
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phosphoric  acid,  of  exactly  20  per  cent,  strength,  and  a  10  per 
cent,  aqueous  solution  of  gum  arabic,  the  two  being  mixed  in 
the  proportion  of  10  parts  of  gum  solution  to  1  of  acid  solution. 
The  etching  liquor  may  he  poured  on  the  surface  of  the  plate,  but 
is  usually  applied  by  means  of  a  small  hath  sponge,  with 
which  the  plate  is  damped,  so  as  to  avoid  bringing  any  great 
excess  of  the  liquid  on  the  plate. 

The  time  occupied  in  etching  depends  on  the  depth  to  which 
the  plate  is  to  be  bitten,  fairly  deep  etching  being  required  for 
plates  for  ceramic  transfers.  The  etched  plate  is  rinsed  with 
a  large  quantity  of  water,  and  the  chalk  or  lithographic  ink  is 
then  removed. 

In  order  to  protect  the  original  plates  from  wear  they  are 
used  solely  for  making  copper  electros,  these  alone  being 
used  for  the  printing,  whilst  the  originals  are  carefully 
preserved. 

DECORATING  PORCELAIN  BY  PHOTOGRAPHY  (PHOTO-CERAMICS). 

The  transfer  of  photographs  to  ceramic  ware  is  an  art  usually 
confined  to  porcelain,  although  it  could  be  extended  to  other 
ware.  The  chief  reason  for  its  restriction  to  porcelain  is  that 
the  art  itself  constitutes  the  highest  stage  of  ceramic  decora¬ 
tion,  whilst  porcelain  is  the  finest  product  of  the  ceramic 
industry. 

The  reason  for  dealing  with  the  photo-ceramic  art  in  this 
place,  along  with  methods  of  decorating  earthenware  in  colour 
by  mechanical  means,  is  because  it  belongs  properly  to  this 
class  of  operations,  and  rounds  off  the  series.  The  decoration 
of  porcelain  with  stencil  work  and  transfer  printing  is  essentially 
performed  in  the  same  way  as  in  the  case  of  earthenware  ; 
and  therefore,  to  complete  the  description  of  mechanical 
decoration  and  avoid  repetition,  the  author  has  thought  it 
advisable  to  describe  the  photo-ceramic  process  now,  though 
this  is  usually  confined  to  porcelain  ware.  The  process  is  fully 
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described  in  special  works  on  the  subject,  dealing  with  the 
purely  photographic  side  of  the  matter,  which  cannot  be 
entered  into  here,  our  object  being  merely  to  treat  of  the 
application  and  fixation  of  the  photographic  pictures  to  the 
ware. 

I  ortraits,  landscapes,  and  all  other  descriptions  of  photo- 
giaphs  can  be  applied  to  porcelain  with  the  absolute  sharpness 
and  fine  detail  of  the  best  photographic  pictures.  Porcelain 
being  unafiected  in  the  slightest  degree  by  atmospheric  in¬ 
fluences,  or  even  very  severe  fluctuations  of  temperature,  and 
only  destroyed  by  mechanical  forces,  the  photo-ceramic  process 
affords  a  means  of  reproducing  important  pictures,  such  as 
portraits  of  celebrities,  rare  natural  objects,  etc.,  in  a  manner 
beyond  the  possibilities  of  any  other  process,  these  pictures 
being  almost  indestructible,  and  capable  of  retaining  their 
pristine  appearance  for  centuries  unless  forcibly  broken. 

The  production  of  photographic  pictures  being  a  matter 
chiefly  concerning  the  professional  photographer,  we  cannot 
go  closely  into  detail  on  the  purely  photographic  side  of  the 
same,  but  must  chiefly  confine  ourselves  to  the  operations 
intimately  relating  to  the  transfer  of  the  picture  to  lie 
ware. 

In  taking  a  photograph,  a  portrait  for  instance,  by  the  dry 
plate  process  a  negative  is  first  obtained,  in  which  the  white 
portions  of  the  original  subject  are  dark,  and  vice  versa,  the 
white  face  being  black  in  the  negative  and  the  dark  clothes 
light.  If  such  a  negative  were  transferred  to  porcelain,  a 
negative  picture  would  be  obtained,  and  it  is  therefore  necessary 
to  make  a  positive  picture  first. 

This  is  done  in  a  very  simple  manner  by  placing  a  sensitive 
plate  behind  the  negative  in  a  printing  frame  in  a  dark  room, 
and  then  exposing  the  two  to  the  light.  This  furnishes  a 
positive  picture,  in  which  the  distribution  of  light  and  shade  is 
the  same  as  in  the  original  subject  at  the  moment  the  picture 
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was  taken.  Whether  the  positive  is  made  on  a  sensitive 
collodion  film  or  on  a  plate  prepared  in  some  other  way, 
depends  on  the  special  process  employed  in  producing  the 
ceramic  picture. 

When  collodion  plates  are  used,  the  finished  collodion  picture 
must  he  detached  from  the  glass  support  whilst  still  wet  an 
operation  entailing  considerable  skill  by  reason  of  the  extreme 
thinness  and  low  tensile  strength  of  the  collodion  film.  Die 
easiest  way  is  to  raise  the  film  at  one  corner  of  the  plate  with 
a  very  thin  knife  blade,  attach  it  to  a  glass  rod  and  carefully 
turn  the  latter  round  and  round  so  as  to  draw  the  film  from 
the  plate  and  wrap  it  round  the  rod.  The  latter  is  then  held 
over  a  shallow  dish  containing  water,  and  turned  in  the 
opposite  direction  until  the  whole  of  the  film  has  unrolled  and 
lies  as  a  thin  coherent  pellicle  in  the  water.  After  being 
washed  repeatedly  with  distilled  water  in  this  dish,  the  film  is 
strengthened. 

Stripping  the  film  in  the  first  place  is  facilitated  by  the 
following  artifice: — The  sheet  of  glass  for  supporting  the 
positive  is  first  coated  with  a  film  of  unsensitised  collodion, 
and  just  as  this  is  beginning  to  set,  the  coating  of  sensitised 
collodion  is  applied.  This  gives  a  much  thicker  film,  which  can 
be  detached  from  the  glass  without  risk  of  teaiing. 

The  image  on  the  collodion  film  consists  of  finely  divided 
silver,  a  greater  quantity  of  the  microscopic  silver  crystals 
being  present  in  the  dark  parts  than  in  the  lighter  places. 
Attempts  to  transfer  this  image  to  porcelain  would  be  un¬ 
successful,  the  amount  of  silver  present  being  on  the  one  hand 
too  small,  and  on  the  other  being  attacked  by  the  glaze.  It  is 
therefore  essential  to  convert  the  silver  image  into  an  image 
composed  of  a  metal  that  is  not  attacked,  by  the  glaze  in  the 
firing  process. 

This  transformation  can  be  effected  in  various  ways ;  but 
whatever  metal  be  used  it  must  be  employed  in  the  state  of  a 
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chlorine  compound.  Thus,  when  the  film  carrying  the  grey 
silver  image  is  immersed  in  a  dilute  solution  of  gold  chloride 
or  platinum  chloride,  the  colour  of  the  image  will  soon  he 
observed  to  change  to  a  reddish  brown,  in  the  case  of  gold,  or 
steel  grey  in  the  case  of  platinum.  The  reaction  occurring 
consists  in  the  silver  combining  with  the  chlorine  in  the 
solution  and  causing  the  deposition  of  finely  divided  gold  or 
platinum. 

When  the  image  has  been  “  toned,”  as  the  photographer 
terms  it,  in  this  way,  the  film  must  he  fixed  in  a  bath  of 
sodium  hyposulphite  (thiosulphate)  in  order  to  eliminate  the 
silver  chloride. 

The  best  toning  agent  for  pictures  for  ceramic  purposes,  in 
addition  to  platinum  chloride,  is  iridium  chloride,  which  gives 
a  deep  black  image.  Mixtures  of  platinum  chloride  and 
uranium  '  chloride  furnish  handsome  warm  reddish-brown 
tones  when  fired.  A  manganese  chloride  toning  bath  gives 
a  warm  brown  tone,  similar  to  sepia  paintings.  The  tone  may 
be  modified  by  an  admixture  of  ferric  chloride  with  manganese 
chloride  or  uranium  chloride,  so  that  pictures  of  various  colours 
may  be  reproduced  on  the  ware. 

The  toned  picture  is  then  laid  face  downward  on  the  ware, 
and  after  being  smoothed  down  perfectly  level  is  dusted  over 
with  the  flux  necessary  for  the  firing  process.  The  flux  may 
also  be  applied,  in  the  form  of  a  thin  wash,  by  means  of  a  soft 
brush.  AVhen  both  picture  and  glaze  are  perfectly  dry,  the 
ware  can  be  fired. 

The  collodion  process  is  often  replaced  by  a  dusting  process, 
based  on  the  fact  that  a  mixture  of  dissolved  gelatine  and 
potassium  bichromate  in  suitable  proportions  forms  a  mass  that 
is  sensitive  to  light.  If  a  glass  plate  be  coated  with  this 
mixture  in  the  dark  room  and  allowed  to  dry,  a  sensitive  plate 
is  obtained  that  can  be  exposed  under  a  negative.  The  parts 
of  the  gelatine-bichromate  to  which  the  light  penetrates  through 


Pottery  Decorating 


150 

the  negative  are  rendered  insoluble,  whilst  the  protected  parts 
remain  soluble. 

The  whole  plate  is  next  dusted  over  quite  evenly  with 
porcelain  colour  in  an  extremely  tine  state  of  division,  any 
surplus  being  removed  by  blowing  with  a  small  bellows  (not 
with  the  mouth,  on  account  of  the  water  vapour  always  present 
in  the  breath). 

As  already  mentioned,  the  gelatine  is  rendered  insoluble  in 
the  parts  affected  by  light,  and  therefore  no  colour  will  adhere 
to  that  part;  whereas  the  unexposed  portions  remain  soluble 
and  tacky,  and  take  up  the  colour  so  that  the  photographic 
picture  appears  on  the  gelatine  plate  as  soon  as  the  colour  is 
dusted  on. 

When  the  surplus  colour  has  been  blown  away,  the  loosely 
adhering  powder  must  be  fixed  by  pouring  over  it  a  layer  of 
collodion,  rendered  supple  by  an  admixture  of  castor-oil,  thus 
imprisoning  the  colour  between  the  collodion  and  the  gelatine. 
When  the  collodion  is  thoroughly  dry,  the  edges  of  the  picture 
are  cut  round  with  a  sharp  knife,  and  the  plate  is  laid  in  water, 
in  which  the  soluble  parts  of  the  gelatine  dissolve.  After 
being  washed,  the  film  is  applied  to  the  ware,  the  collodion 
film  being  underneath.  The  subsequent  operations  applying 
the  flux  and  firing  the  ware  are  the  same  as  for  the  collodion 
process. 

Porcelain  ware  decorated  by  the  photo-ceramic  process  is  not 
made  in  large  quantities  at  a  time,  but  generally  in  single 
pieces,  such  as  cups,  small  vases,  etc.,  that  have  to  be  decorated 
with  some  picture.  For  this  reason  the  pieces  are  fired  in 
small  muffles,  heated  with  wood  charcoal,  or  preferably  with 
coal-gas,  and  not  in  the  large  muffles  used  for  hand-painted  ware. 

As  a  rule  the  method  of  firing  differs  but  slightly  from  that 
of  painted  porcelain,  and  therefore  need  not  be  dealt  with  until 
we  come  to  describe  the  process  of  firing  the  ware  in  large 
muffles, 
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DECORATING  PORCELAIN  WITH  COLOURS,  METALS,  AND  LUSTRES. 

Porcelain,  as  the  highest  product  of  the  ceramic  industry,  is 
excellently  adapted,  by  reason  of  its  beautiful  pure  white 
colour,  for  being  decorated  with  colours  and  noble  metals,  the 
more  so  because  a  whole  series  of  processes  can  be  employed 
for  the  accomplishment  of  this  purpose.  The  colours  may  be 
applied  either  before  or  after  glazing,  and  by  hand-painting  as 
well  as  by  transfer  printing  or  photography. 

In  addition  to  painting  with  ordinary  colours,  porcelain  ware 
may  be  specially  decorated  in  several  ways,  namely,  by  means 
of  the  three  noble  metals,  gold,  silver  and  platinum,  or  by  a 
special  treatment  for  the  purpose  of  producing  a  metallic  lustre 
or  iridescence.  In  a  word,  the  decoration  of  ceramic  articles 
with  colours  and  metals  has  reached  its  highest  stage  in  the 
case  of  porcelain ;  and  numerous  articles  of  this  class  occupy 
the  first  rank  as  works  of  art.  Moreover,  owing  to  the  great 
progress  made,  it  is  now  possible  to  produce,  by  mechanical 
means  and  at  a  correspondingly  low  price,  very  handsome 
specimens  of  porcelain  that  closely  resemble  hand-painted 


ware. 


CHAPTER  YI. 


Glost  Fire  Colours. 


IHE  colours  employed  for  decorating  porcelain  may  be 


divided  into  two  classes :  those  applied  to  the  biscuit 
ware  previous  to  glazing,  and  therefore  corresponding  to  the 
“underglaze  colours”  for  earthenware,  though  generally 
termed  “  glost  fire  ”  colours  in  the  case  of  porcelain  ;  and  those 
applied  over  the  glaze,  and  known  as  “  muffle  ”  colours,  since 
they  have  to  be  fired  in  muffles  in  order  to  secure  their 
fixation  on  the  ware. 

A  further  distinction  is  drawn,  in  the  case  of  porcelain, 
between  glost  fire  colours  applied  before  glazing,  and  glost  fire 
colours  in  general.  Those  in  the  former  category  are  not 
often  used,  most  porcelain  being  decorated  with  colours  after 
the  ware  has  been  glazed.  In  this  case  the  name  glost  fire 
colours  is  justified,  inasmuch  as  the  temperature  of  the  kiln 
must  be  hot  enough  to  soften  the  glaze  again  and  enable  the 
colours  to  sink  in. 

Hot  many  pigmentary  substances  will  stand  this  heat  without 
undergoing  volatilisation  or  change.  The  three  chief  substances 
fulfilling  these  requirements  are  cobalt  oxide,  chromic  oxide, 
and  iron  oxide.  The  “onion”  pattern  first  introduced  by 
Saxon  porcelain  manufacturers  and  very  popular  at  one  time 
was  produced  by  means  of  cobalt  blue. 

These  colours  are  applied  by  mixing  them  with  water 
containing  enough  binding  medium,  such  as  glycerine  or  gum 
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water,  to  render  the  mass  workable  with  the  brush.  In  the 
case  of  very  porous  ware,  however,  these  means  are  insufficient, 
and  recourse  has  to  be  had  to  oil  of  turpentine  (“  thickened 
oil  ”)  that  has  been  left  to  stand  in  partly  filled  bottles  until 
viscous. 

Since  the  underglaze  colours  are  rarely  employed  more 
than  one  at  a  time,  they  can  be  applied  to  the  ware  by 
means  of  stencils  or  transfer  printing,  hand-painting  being 
rarely  used. 


GLOST  FIRE  COLOURS  OVER  GLAZE. 

The  application  of  these  colours  to  glazed  ware  is  a  less 
difficult  matter  than  to  biscuit,  the  glazed  ware  being  no 
longer  porous  and  therefore  not  absorbing  the  colour. 
However,  to  ensure  the  colour  sticking  to  the  surface,  the 
former  must  be  ground  along  with  thickened  oil,  though  the 
quantity  of  this  latter  should  be  kept  at  the  minimum. 

After  the  colour  has  been  applied,  the  ware  must  in  all  cases 
be  left  for  some  time  before  proceeding  to  the  firing  stage,  in 
order  to  allow  the  oil  of  turpentine  to  evaporate  completely  and 
the  thickened  oil  to  resinify.  In  the  kiln  the  ware  must 
naturally  be  heated  to  a  temperature  sufficient  to  resoften  the 
glaze  to  such  an  extent  that  the  colour  will  sink  into  and 
become  incorporated  with  it.  The  designs  produced  in  this 
way  exhibit  a  high  degree  of  softness,  the  contours  losing 
their  sharpness. 

In  many  cases  an  attempt  is  made  to  avoid  these  high 
temperatures  by  mixing  with  the  glost  fire  colour  a  small 
quantity  of  a  similar  colour  of  lower  fusing-point,  the  finished 
painting  being  coated  with  a  readily  fusible  glaze.  Both  the 
added  colour  and  the  overlying  glaze  must  have  such  a  low 
fusing-point  as  to  melt  completely  at  the  temperature  of  the 
ordinary  muffle. 

The  decorated  ware  is  fired  in  the  muffle,  thus  embedding 
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the  painting  between  two  layers  of  glaze.  Apart  from  the 
low  cost  of  fuel  in  this  method  of  firing,  there  is  the  additional 
advantage  that  the  colours  remain  unaltered,  which  will  not 
be  the  case  if  any  reducing  atmosphere  gains  access  to  the  ware 
in  course  of  firing  in  the  ordinary  kiln. 


CHAPTER  VII. 


Muffle  Colours. 


LL  the  colours  that  are  fired  on  ceramic  ware  in  closed 


chambers  of  special  construction,  termed  “  muffles,”  are 
known  as  “muffle  colours.”  Both  these  colours  and  the 
fluxes  with  which  they  are  used  must  have  a  relative  low 
fusing-point,  the  firing  temperature  being  a  low  red  heat.  For 
this  reason  the  most  delicate  colours  can  he  used  in  this 
branch  of  porcelain  pointing,  and  hence  the  painter  is  offered 
a  wider  range  of  colours  than  in  any  other  method. 

In  the  majority  of  muffle  colours  the  actual  colouring  matters 
are  not  themselves  fused;  and  in  some  cases  use  is  made  of 
colours  capable  of  standing  the  greatest  heat;  but  the  flux,  or 
fusible  glass,  with  which  the  colour  is  intimately  mixed,  fuses 
and  envelops  the  extremely  fine  particles  of  embedded  colour. 


FLUXES  AND  THEIR  COMPOSITION. 


As  stated  above,  the  fluxes  consist  of  readily  fusible  glasses, 
which  melt  in  the  muffle  and  envelop  the  colouring  matter. 
The  glasses  used  are  those  of  the  fusible  lead  group,  frequently 
containing  boric  acid,  in  addition  to  silica,  for  the  purpose  of 
increasing  their  fusibility.  Apart  from  the  alkalis  necessarily 
present  in  the  fluxes,  an  admixture  of  bismuth  oxide  is  given 
in  certain  special  cases. 

It  would  be  highly  convenient  to  be  able  to  use  one  and  the 
same  flux  for  all  the  colours  employed  in  porcelain  painting ; 
but  this  is  impossible  on  account  of  the  injurious  action  of 
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some  of  the  ingredients  of  the  fluxes  on  certain  colours,  the 
colour  of  the  finished  ware  then  turning  out  different  from 
the  shade  desired.  Hence,  to  prevent  this  defect,  certain 
definite  fluxes  must  he  used  with  certain  groups  of  colours. 

The  porcelain  colours  capable  of  standing  a  high  firing 
temperature  can  be  mixed  with  refractory  flux.  To  this  class 
of  colours  belong  the  blue  cobalt  colours  and  most  of  the  iron 
red  colours,  the  pure  chrome  greens  also  being  able  to  stand 
refractory  fluxes. 

The  case  is,  however,  different  with  the  colours  ranging 
from  pink  to  dark  purple  red  and  usually  obtained  by  the  aid 
of  gold-ruby  or  copper-ruby  glass.  These  colours  will  not 
stand  any  high  temperature  without  their  beauty  being 
considerably  impaired,  and  therefore  must  be  mixed  with 
fusible  fluxes,  prepared  by  modifying  the  composition  so  that 
a  large  part  of  the  silica  is  replaced  by  boric  acid.  The 
fusing-point  of  the  lead  borate  glasses  is  fairly  low,  and  by 
this  means  the  most  delicate  tints  obtainable  with  ruby  glass 
can  be  preserved  in  all  their  purity. 

The  composition  of  the  fluxes  generally  used  differs  in 
different  works,  but  in  most  cases  approximates  to  the  following 
formula  : — 

ORDINARY  (grey)  LEAD  FLUX. 

Red  lead  .  .....  75-80  parts. 

Quartz  sand  .....  25-20  ,, 

This  flux,  which  in  composition  is  a  pure  lead  silicate,  may 
be  used  with  the  blue  cobalt  colours  and  for  certain  reds 
produced  by  means  of  ferric  oxide. 

The  flux  is  made  either  as  a  lead  glass,  containing  boric 
acid  in  addition  to  silica,  or  else  in  the  form  of  a  lead-soda 
glass  in  which  a  portion  of  the  silica  is  replaced  by  soda. 

I.  Quartz  sand  .....  23  parts. 


Red  lead  . 

Borax  (anhydrous) 


II.  Quartz  sand 
Red  lead  . 
Boric  acid 
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16  parts. 


This  grey  flux  can  be  used  for  a  large  number  of  colours,  and 
especially  for  the  yellow,  pale  brown,  and  red  iron  colours,  as  well 


as  for  grey  tones. 

GREEN  FLUX. 

Quartz  sand 

70-73  parts. 

Red  lead  . 

10-18  „ 

Boric  acid 

.  20-9  „ 

This  flux  can  be  used  both  with  pure  chrome  green  and  for 
the  various  mixtures  of  blue  and  yellow,  mostly  compounded 
of  chromic  oxide,  cobalt  oxide,  and  pure  yellow. 

For  very  delicate  water  green  and  very  pale  bottle  green,  as 
well  as  pure  turquoise  blue,  use  must  be  made  of  a  flux  that 
is  highly  fusible,  generally  pure  lead  borate  without  any 
silica  at  all.  The  composition  of  this  lead  borate  corresponds 
to  the  following  formula  : — 

Red  lead  ......  35  parts. 

Boric  acid  .  .  .  .  .  65  „ 

It  should  be  noted  that  this  lead  borate  is  very  susceptible 
to  the  action  of  acids,  the  decoration  on  porcelain  painted  with 
colours  of  this  kind  being  quickly  destroyed  by  contact  with 
strong  acids. 

FLUXES  FOR  CARMINE  RED. 

There  are  several  different  formulae  for  carmine  fluxes,  some 
of  them  being  suitable  for  very  delicate  pink  and  light  purple, 
whilst  others  are  better  adapted  for  use  with  dark  purple  red. 

FLUX  FOR  CARMINE  AND  LIGHT  FUlIPLE. 

Quartz  sand  .....  34  parts. 

Red  lead  .  .  .  .  .  .  12 

Borax  .......  58 
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FLUX  FOR  MIXED  DARK  PURPLE. 


Quartz  sand 
Red  lead 
Boric  acid 


15  parts. 


38 

50 


JJ 


FLUX  FOR  VIOLET. 


Quartz  sand 
Red  lead 
Boric  acid 


5  parts. 


68 

28 


?> 
5  J 


PREPARING  THE  FLUX. 

In  the  main  the  preparation  of  fluxes  follows  the  same  lines 
as  that  of  the  fine  glazes.  Operations  are  commenced  by 
reducing  the  various  ingredients  to  very  fine  powder.  Care 
must,  however,  be  taken  to  avoid  using  any  appliances  contain¬ 
ing  metal,  since  even  the  finest  metallic  particles  that  might 
gain  admittance  to  the  fluxes  could  impart  coloration  thei’eto. 
Hence  the  selected  fragments  or  quartz  (which  must  be 
perfectly  free  from  iron)  are  first  ground  in  an  edge-runner 
mill,  and  then  in  ball  mills  lined  with  quartz  or  porcelain, 
the  reduction  of  the  mass  to  powder  being  effected  by  the 
aid  of  round  lumps  of  quartz. 

The  ingredients  must  also  be  mixed  together  with  the 
greatest  care,  since,  if  not  effected  with  the  necessary  intimacy, 
the  composition  of  the  mass  will  fluctuate  when  fused,  and  its 
chemical  and  physical  properties  will  vary  accordingly. 

Red  lead  being  a  specifically  heavier  body  than  the  other 
ingredients  of  the  flux,  will  tend,  if  imperfectly  mixed,  to 
form  a  glass  very  rich  in  lead  at  the  bottom  of  the  melting 
vessel,  leaving  the  upper  layers  progressively  poorer  in  lead ; 
and  this  difference  will  not  be  entirely  compensated  during  the 
subsequent  grinding  of  the  mass. 

To  prevent  the  evils  arising  from  this  cause  it  is  advisable  to 
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raise  the  empty  crucible  to  a  strong  red  heat  before  introducing 
the  charge  of  flux  materials,  the  latter  being  also  heated  nearly 
to  redness  beforehand,  and  quickly  placed  in  the  crucible,  the 
fire  being  then  made  up  strongly.  In  these  circumstances  the 
mass  melts  in  a  very  short  time  to  a  glass  of  very  uniform 
composition. 

The  operation  of  melting  is  performed  in  crucibles  arranged  in 
the  same  manner  as  already  described  in  the  preparation  of  glazes. 
Owing  to  the  rapidity  with  which  these  masses  melt,  when 
treated  as  above,  it  is  advisable  to  use  crucibles  in  which 
the  bottom  valve  can  be  lifted  by  a  rod.  As  soon  as  the  charge 
is  found  to  be  melted — and  with  a  little  experience  the  time 
can  be  forecasted  to  within  a  few  minutes — the  valve  is  lifted 
and  the  thin  glass  allowed  to  run  out.  When  the  flow  ceases, 
the  valve  is  shut  and  the  crucible  recharged  with  heated 
material. 

To  rapidly  cool  the  molten  flux  and  at  the  same  time 
make  it  very  brittle,  thus  facilitating  the  subsequent  grinding 
process,  it  is  run  out  of  the  crucible  into  a  vessel  of  water, 
in  which  it  sets  to  colourless  masses.  This  treatment  cannot, 
however,  be  applied  to  fluxes  rich  in  boric  acid,  since  the  water, 
which  soon  becomes  boiling  hot  from  contact  with  the  glowing 
mass,  would  have  a  powerfully  decomposing  action  on  these 
borax  glasses. 

This  defect  can  be  obviated  by  replacing  the  vessel  of  water 
by  an  inclined  smooth  iron  plate,  in  front  of  which  is  arranged 
an  iron  trough.  The  fluid  glass  escaping  from  the  crucible 
when  the  valve  is  opened,  falls  down  the  iron  plate  into  the 
trough,  where  it  is  sprinkled  with  a  fine  spray  of  water  until  it 
sets.  As  the  water  is  evaporated  immediately,  there  is  no  risk 
of  its  attacking  the  glass. 

Properly  made  flux  is  a  perfectly  colourless  glass,  with  a  high 
index  of  refraction  and  high  specific  gravity,  and  generally 
exhibiting  all  the  characteristics  of  the  true  lead  glasses. 
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The  molten  and  recooled  mass  has  next  to  be  reduced  to  fine 
powder,  in  which  operation  care  is  again  necessary  to  prevent 
contamination  with  metallic  particles. 

At  this  stage  the  preparation  of  the  colours  for  painting 
on  porcelain  can  be  proceeded  with,  the  work  consisting  in 
mixing  the  powdered  flux  with  the  colour  in  definite  pro¬ 
portions,  the  whole  being  performed  in  such  a  way  as  to  furnish 
a  number  of  shades  of  the  same  colour.  The  larger  the  pro¬ 
portion  of  fiux  in  comparison  with  that  of  the  pure  colour,  the 
lighter  the  resulting  shade.  In  making  up  a  colour  for  the  first 
time  it  is  essential  to  work  on  a  definite  plan,  so  as  to  obtain  a 
reliable  guidance  for  subsequent  operations.  The  best  method 
of  procedure  is  the  following  : — 

A  mixture  is  prepared  containing  90  parts  of  the  pure 
colouring  matter  to  10  parts  of  flux,  this  mixture  being  marked 
No.  1.  A  second  mixture  contains  80  parts  of  colour  and  20  of 
flux,  and  is  marked  No.  2.  The  third  mixture  (No.  3)  contains 
70  parts  of  colour  and  30  of  flux,  and  so  on,  until  No.  9  mixture 
is  prepared,  consisting  of  10  parts  of  colour  and  90  of  fiux. 

A  flat  porcelain  tile  is  painted  over  with  strips  of  each 
colour,  the  strips  being  numbered  accordingly,  and  fired  in 
the  usual  manner.  We  then  have  a  specimen  of  each  of  the 
nine  shades  on  the  one  tile,  and  any  of  these  shades  can  be 
matched  at  any  time  by  taking  the  proper  proportions  of  flux 
and  colour. 

These  specimen  tiles  are  very  important  for  the  painter  on 
porcelain,  enabling  him  to  find  at  once  the  exact  shade  he 
wants.  In  the  event  of  the  required  shade  being  intermediate 
between  any  two  of  the  regular  Nos.,  it  can  be  easily  obtained 
by  taking  the  next  darker  number  and  reducing  it  with  a 
little  fiux. 

So  far  as  the  muffle  colours  are  concerned,  a  number  of 
the  substances  used  in  their  preparation  are  identical  with 
those  for  glost  kiln  colours,  cobalt  being  the  pigmentary 
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principle  for  blue  in  both  cases,  chrome  for  green,  manganese 
for  violet,  etc. 

Owing,  however,  to  the  lower  temperature  of  the  muffle,  a 
wider  range  of  pigmentary  substances  is  available,  as  will  be 
seen  in  the  following  chapter. 


ii 


CHAPTER  VIII. 


Muffle  Colours. 


YELLOW  PORCELAIN  COLOURS. 


LARGE  number  of  substances  capable  of  furnishing 


yellow  porcelain  colours  are  known,  with  a  very  wide 
range  of  tones  ;  but  their  selection  is  by  no  means  a  matter  of 
indifference,  and  it  is  necessary  in  all  cases,  in  view  of  securing 
a  harmonious  effect,  to  use  the  colour  best  adapted  to  furnish 
an  artistic  result. 

For  pure  yellow,  the  following  preparations  are  available  : — 
Pure  antimony  oxide,  potassium  antimoniate,  lead  antimoniate 
(i.e.  the  artist’s  colour  known  as  “  Naples  yellow  ”),  silver  oxide, 
uranium  oxide,  and  to  some  extent  ferric  oxide  as  well.  The 
latter  is  generally  used  merely  in  small  quantities  as  an  adjunct 
to  the  other  colours,  since  the  colour  imparted  by  ferric  oxide 
to  the  glass  fluxes  is  not  yellow,  but  rather  a  mixture  between 
yellow,  red,  and  brown,  as  can  be  clearly  seen  in  the  case 
of  ordinary  wine  bottles. 


ANTIMONY  OXIDE. 


The  preparation  of  antimony  oxide  can  be  carried  on  in 
various  ways,  the  object  in  all  cases,  however,  being  to  obtain  a 
perfectly  pure  oxide,  free  from  all  extraneous  substances,  since 
the  presence  of  even  small  traces  of  the  latter  is  sufficient  to 
modify  the  colour  considerably. 

The  most  effectual  way  is  to  reduce  commercial  antimony 
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trisulphide  to  a  very  fine  powder  and  boil  this  with  crude 
hydrochloric  acid  so  long  as  any  sulphuretted  hydrogen  is 
given  off.  The  liquid  is  then  left  to  stand  until  quite  clear, 
and  the  solution  carefully  decanted  from  the  sediment.  The 
resulting  solution  of  antimony  trichloride  when  poured  into 
a  large  quantity  of  water  is  decomposed  with  formation  of  basic 
antimony  chloride,  which  settles  down  as  a  dense,  pure  white 
powder. 

This  white  precipitate  is  transferred  to  a  large  porcelain  dish 
and  suffused  with  a  solution  of  1  part  of  soda  crystals  in  3  parts 
of  water,  the  whole  being  boiled  until  it  imparts  a  permanent 
blue  coloration  to  red  litmus  paper.  The  sodium  carbonate 
displaces  the  chlorine  in  the  basic  antimony  chloride,  and 
converts  the  latter  into  pure  antimony  oxide,  which  is  washed 
with  boiling  water  on  a  filter  until  all  the  soluble  matter  is 
removed,  and  is  finally  dried. 

Antimony  oxide  can  also  be  prepared  direct  from  metallic 
antimony,  by  fusing  the  latter  in  an  open  vessel,  and  con¬ 
tinuing  to  heat  it  so  strongly  that  the  whole  of  the  metal  is 
finally  burned  to  oxide.  This  operation  is  generally  performed 
in  a  slanting  crucible,  the  bottom  of  which  is  filled  with  a 
certain  quantity  of  metallic  antimony.  When  heated  the 
metal  burns  with  a  peculiar  livid  blue  flame,  and  the  resulting 
antimony  oxide  is  deposited  on  the  colder  portions  of  the 
crucible,  in  the  form  of  small  acicular,  highly  lustrous  crystals. 

Working  in  this  way,  however,  a  considerable  portion  of  the 
antimony  oxide  is  lost,  to  avoid  which  the  operation  has  been 
modified  by  heating  the  metal  in  a  porcelain  basin,  over  which 
is  mounted  a  similar  basin,  inverted,  with  an  interval  of  a  few 
millimetres  between  the  two.  The  middle  of  the  inverted  basin 
is  pierced  by  an  opening  about  2  inches  wide,  on  which  is  placed 
a  tube  of  glass  or  porcelain,  terminating  above  in  a  large 
wooden  box.  The  antimony  in  the  lower  basin  burns,  and  the 
vapours  ascend  through  the  tube  into  the  box  and  are  deposited 
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there.  When  the  operation  has  been  continued  for  some  time 
with  a  large  amount  of  antimony,  the  interior  of  the  box  will 
be  found  coated  entirely  with  the  lustrous  crystals. 

This  direct  combustion  method  furnishes  a  mass  that  is  far 
from  being  pure  antimony  oxide,  hut  rather  consists  of  a  mixture 
of  antimony  oxide,  antimonic  acid,  and  antimony  antimoniate. 

The  best  way  to  prepare  pure  antimony  oxide  by  the  dry 
method  is  by  detonating  a  mixture  of  metallic  antimony, 
potassium  nitrate,  and  potassium  bisulphate,  the  most  favourable 
proportions  being — 

Metallic  antimony  .  .  •  •  37  parts. 

Potassium  nitrate  .  •  •  •  20  „ 

Potassium  bisulphate  .  .  •  •  15  >> 

The  ingredients,  in  a  very  finely  divided  state  and  perfectly 
dry,  are  intimately  mixed,  and  then  placed  by  degrees  in  a 
large  crucible  already  raised  to  a  strong  red  heat,  each  portion 
being  allowed  to  detonate  and  subside  before  adding  the  next. 
When  all  is  in,  the  crucible  is  heated  as  strongly  as  possible, 
and  the  fluid  contents  are  then  poured  out  on  to  a  smooth  stone, 
the  solidified  mass  being  afterwards  broken  into  fragments  and 
lixiviated  with  boiling  water  in  a  porcelain  basin.  After  boil¬ 
ing  has  been  continued  for  some  time,  the  contents  of  the  basin 
are  allowed  to  settle,  and  a  pure  white  powder  of  antimony 
oxide  will  be  found  to  have  been  deposited  under  the  clear 
liquid.  This  powder  is  washed  and  dried  in  the  usual  way. 

The  foregoing  method  is  used  when  the  preparation  is  to  be 
employed  in  the  manufacture  of  very  fine  colours,  but  for 
inferior  grades  the  following  process  is  simpler. 

Antimony  is  powdered  and  placed  in  a  large  glass  vessel 
standing  in  a  large  porcelain  basin  containing  a  little  water,  the 
metal  being  suffused  with  very  small  quantities  of  nitric  acid, 
preferably  with  four  parts  of  acid  of  sp.  gr.  1  ‘2  to  each  1  part 
of  metal,  the  acid  being  diluted  with  8  parts  of  water.  The 
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acid  must  be  added  in  very  small  quantities  at  a  time,  owing  to 
the  violence  of  the  reaction  and  the  danger  of  the  mass  over¬ 
flowing  when  a  larger  amount  of  acid  is  used. 

It  is  also  necessary  to  perform  the  operation  out  of  doors, 
owing  to  the  liberation  of  poisonous,  dense  brown  fumes. 
When  all  the  acid  has  been  consumed,  the  basin  containing  the 
glass  vessel  is  carefully  heated  till  the  contents  of  the  vessel 
boil  and  the  final  traces  of  the  metallic  antimony  are  oxidised, 
the  powder  in  the  glass  vessel  being  then  washed  with  hot 
water  and  dried.  It  should  be  mentioned  that  the  product  is 
not  pure  antimony  oxide,  but  contains  small  quantities  of  un¬ 
altered  metallic  antimony  and  basic  antimony  nitrate.  This 
circumstance,  however,  does  not  affect  the  colour,  provided  the 
preparation  is  made  by  exactly  the  same  recipe  every  time. 

rOTASSIUM  ANTIMONIATE. 

A  very  handsome  yellow,  which,  however,  is  more  suitable 
for  cheap  ware,  can  be  prepared  in  a  very  simple  manner  as 
follows : — 

Ordinary  grey  antimony  ore  is  finely  powdered  and  mixed 
with  half  its  weight  of  potassium  nitrate,  small  quantities  of 
the  mixture  being  thrown  in  succession  into  a  suitably  large 
crucible  previously  raised  to  strong  red  heat,  each  portion 
detonating  as  it  is  thrown  in.  When  the  reaction  is  finished, 
the  crucible  contains  a  white  mass  consisting  of  a  mixture  of 
potassium  antimoniate  and  potassium  sulphate,  together  with 
some  undecomposed  antimony  ore. 

The  powdered  mass  is  stored  in  tightly  closed  vessels,  and 
is  more  suitable  for  cheap  ware  than  for  porcelain,  the  colour 
being  inferior  to  that  of  the  other  antimony  preparations. 

NAPLES  YELLOW. 

This  colour,  which  is  the  handsomest  and  most  powerful  of 
all  the  antimony  preparations,  consists  of  lead  antimoniate.  It 
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can  be  prepared  in  various  ways,  both  the  following  methods 
yielding  an  equally  good  product. 

According  to  the  one  method,  1  part  of  tartar  emetic 
(potassium  antimony  tartrate)  is  mixed  with  2  of  lead  nitrate 
and  4  parts  of  common  salt,  as  intimately  as  possible,  the 
mixture  being  carefully  heated  to  melting-point  in  a  crucible, 
taking  care  not  to  exceed  moderate  red  heat.  The  molten  mass 
is  poured  into  water,  in  which  the  excess  of  common  salt  dis¬ 
solves,  leaving  the  lead  antimoniate  as  a  handsome  yellow 
powder  in  the  bottom  of  the  vessel. 

In  the  second  method,  which  some  consider  to  yield  a  better 
product,  2  parts  of  tartar  emetic  are  fused  with  4  parts  of  lead 
nitrate  and  8  of  common  salt,  the  molten  mass  being  treated 
with  very  dilute  hydrochloric  acid  in  order  to  dissolve  out  the 
excess  of  lead  oxide. 

In  either  case  the  operation  has  to  be  performed  at  a  certain 
temperature,  which  must  not  be  exceeded.  It  is  for  this  reason 
that  the  common  salt  is  introduced  in  the  mixture,  though  it 
takes  no  part  in  the  reaction,  its  functions  being  confined  to 
keeping  the  temperature  of  the  molten  mass  within  certain 
limits.  This  it  does  by  volatilising  at  moderate  red  heat,  and 
so  long  as  any  salt  remains  in  the  mass  the  temperature  will  not 
rise  above  the  volatilising  point  of  the  salt. 

When  the  heat  applied  has  been  just  sufficient  to  melt  the 
mixture,  the  product  will  be  orange  red  in  colour,  but  higher 
temperatures  give  a  progressively  paler  colour,  ranging  through 
lemon  to  sulphur  yellow. 

SILVER  YELLOW. 

This  is  a  very  handsome  yellow  for  porcelain,  but  entails 
great  care  in  preparation.  It  can  be  obtained  either  from  pure 
silver  oxide  or  silver  chloride.  In  the  former  case,  the  method 
is  as  follows  : — 

A  solution  of  chemically  pure  silver  nitrate,  diluted  with  dis- 
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tilled  water,  is  placed  in  a  large  glass  vessel  and  treated  with 
caustic  potash,  with  constant  stirring,  so  long  as  a  precipitate 
continues  to  form.  The  silver  oxide  is  collected  on  a  filter, 
washed  repeatedly  with  boiling  water,  and  dried.  When  the 
colour  prepared  from  this  oxide  is  fired  on  the  ware,  a  silvered 
surface  is  obtained,  the  oxide  having  been  reduced  to  metallic 
silver  on  the  surface,  whilst  underneath  a  deep  yellow  colour 
is  formed.  The  thin  superficial  film  of  silver  can  be  removed 
by  mechanical  means,  but  preferably  by  brushing  it  over  with 
very  dilute  nitric  acid,  the  dissolved  silver  being  then  swilled 
off  thoroughly  with  water. 

Silver  yellow  can  also  be  produced  from  silver  chloride,  pre¬ 
pared  by  treating  silver  nitrate  solution  with  dilute  hydro¬ 
chloride  acid  in  a  dimly  lighted  room,  so  long  as  a  curdy  white 
precipitate  continues  to  form,  This  precipitate,  which  is  silver 
chloride,  is  washed,  dried,  and  stored  in  a  black  or  red  glass 
vessel,  since,  when  exposed  to  ordinary  daylight,  it  would 
quickly  turn  violet  and  then  black,  the  chloride  being  decom¬ 
posed  by  sunlight.  The  mixture  of  silver  chloride  and  powdered 
flux  must  also  be  prepared  by  artificial  light  and  kept  in  the 
dark. 

URANIUM  YELLOW. 

Uranium  oxide  imparts  a  very  handsome  wine  yellow 
colour  to  glass  fluxes,  the  glass  stained  by  this  oxide  ex¬ 
hibiting  a  very  fine  canary-green  fluorescence  when  viewed  by 
reflected  light.  Since  uranium  oxide  is  used  in  porcelain  paint¬ 
ing  as  a  yellow  pigment  exclusively,  mention  must  be  made  of 
the  fact  that  its  tinctorial  power  is  so  great  that  1  part  by  weight 
is  sufficient  to  colour  200  parts  of  flux  a  deep  yellow,  so  that 
great  care  is  necessary  in  compounding  colours  with  this  pigment. 

RED  PORCELAIN  COLOURS. 

A  fairly  large  number  of  colours  are  available  for  producing 
the  different  kinds  of  red  used  in  porcelain  painting,  all  those 
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already  mentioned  for  earthenware  underglaze  red  being 
applicable.  In  addition  to  these  come  a  few  that  can  only 
be  used  as  muffle  colours,  e.g.,  coral  red,  gold  purple,  and  ruby 
glass. 

Special  attention  is  merited  by  the  iron  reds,  which,  in 
addition  to  being  cheap,  furnish  a  wider  range  of  tones  than 
is  known  in  the  case  of  any  other  oxides  used  as  porcelain 
colours,  the  shades  Varying  from  a  pale  yellowish  red,  through 
blood  red,  to  deep  violet. 

These  tones  can  be  obtained  from  pure  ferric  oxide  by 
varying  the  time  of  exposure  to  strong  red  heat.  This 

modification  of  treatment  is  easy  in  porcelain  works,  inasmuch 
as  the  crucibles  charged  with  pure  ferric  oxide  can  be  fired 
one  or  more  times  in  succession  in  the  glost  kiln. 

The  colour  scale  of  the  ferric  oxide  colours  can  be  con¬ 
siderably  amplified  by  the  addition  of  aluminium  oxide  in 

varying  proportions.  The  method  of  preparation  is  the 

same  as  that  already  described  in  the  case  of  earthenware 
colours. 

In  order  to  obtain  a  definite  colour  scale,  which  can  be 
imitated  whenever  required,  it  is  advisable  to  proceed  in  the 
following  manner : — 

An  aqueous  solution  of  ferric  chloride  is  prepared  by  dis¬ 
solving  an  accurately  weighed  quantity  of  crystallised  ferric 
chloride  in  a  measured  volume  of  water ;  and,  on  the  other 
hand,  a  solution  of  aluminium  acetate  of  known  density  is  got 
ready. 

These  two  solutions  are  then  mixed,  in  the  proportion  of 
10  parts  of  the  former  to  1  of  the  latter,  and  the  mixture  is 
precipitated  with  sodium  carbonate  solution,  the  precipitate 
being  thoroughly  washed  with  boiling  water,  dried,  and 
calcined  at  a  fairly  constant  temperature ;  for  the  purpose  of 
muffle  colours  a  strong  red  heat  is  sufficient. 

In  a  second  trial,  10  parts  of  the  ferric  chloride  solution 
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are  mixed  with  2  parts  of  the  aluminium  acetate  solution ;  in 
a  third,  3  parts  of  the  latter  are  used,  and  so  on.  The 
precipitates,  when  washed,  dried,  and  calcined  as  above,  give 
tones  varying  with  the  relative  proportions  of  ferric  oxide  and 
alumina,  the  shades  ranging  from  red  to  pale  red  on  the  one 
hand,  and  to  brown  violet  on  the  other. 

By  substituting  a  solution  of  magnesium  sulphate  for  the 
aluminium  acetate  in  the  mixture  with  ferric  chloride,  an¬ 
other  class  of  colours  is  obtained ;  and  another  modification 
is  obtained  by  using  both  the  sulphate  and  acetate  in  question 
along  with  ferric  chloride,  the  precipitate  being  in  all  cases 
washed,  dried,  and  calcined  as  described. 

In  this  way  a  whole  series  of  red,  brown,  and  violet  colours 
can  be  prepared  with  very  little  trouble  and  expense.  All 
these  colours  are  well  adapted  for  use  on  porcelain,  and  en¬ 
able  the  painter  to  quickly  select  the  shade  he  desires,  from 
the  specimen  tiles,  all  that  is  then  necessary  being  to  obtain 
from  stock  the  corresponding  number  ready  for  use. 

CORAL  RED. 

This  porcelain  colour  consists  of  basic  lead  chromate,  and  is 
prepared  by  treating  a  solution  of  lead  acetate  with  one  of 
potassium  bichromate  so  long  as  a  precipitate  continues  to 
form.  This  precipitate  is  a  fine  yellow,  and  forms  the  pig¬ 
ment  known  as  chrome  yellow.  When  boiled  with  a  not  too 
concentrated  solution  of  caustic  soda,  chrome  yellow  parts 
with  a  portion  of  its  chromic  acid,  the  colour  of  the  com¬ 
pound  passing  over,  through  orange  red,  to  h  very  fiery  coral 
red. 

After  the  mass  has  been  boiled  with  water,  washed  and 
dried,  it  forms  a  dense  powder,  which,  when  mixed  with  a 
corresponding  amount  of  readily  fusible  lead  glaze  and 
applied  to  porcelain,  is  distinguished  by  unusual  brightness 
of  colour. 
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GOLD  PURPLE. 

This  preparation — also  known  as  purple  of  Cassius — is  of 
great  value  in  porcelain  painting,  since  it  enables  a  whole 
series  of  reds  to  be  obtained  that  cannot  be  produced  by  any 
other  means. 

The  composition  of  gold  purple  is  apparently  variable, 
depending  on  the  method  of  preparation,  so  that,  in  order  to 
obtain  a  uniform  colour,  it  is  necessary  to  work  always  in  the 
same  way.  A  number  of  these  methods  are  detailed  below, 
and  the  intending  user  of  gold  purple  is  recommended  to  try 
them  in  succession  until  he  meets  with  the  one  he  prefers. 

It  is,  however,  necessary  to  mention  beforehand  that 
purple  of  Cassius  must  always  be  made  from  a  solution  of  gold 
trichloride,  which  must  be  as  nearly  as  possible  neutral  and 
entirely  free  from  nitric  acid,  since  the  presence  of  even  the 
slightest  trace  of  this  latter  would  spoil  the  character  of  the 
product.  As  the  preparation  of  gold  trichloride  will  have  to 
be  described  in  detail  when  dealing  with  the  decoration  of 
porcelain  by  the  aid  of  metals,  all  that  need  be  mentioned  at 
present  is  that  the  gold  purple  will,  as  a  rule,  be  finer  in 
colour  in  proportion  to  the  degree  of  dilution  of  the  solutions 
employed  in  its  preparation. 

GOLD  PURPLE,  ACCORDING  TO  FUCHS. 

A  clear  solution  of  stannous  chloride  in  water  is  poured 
into  a  solution  of  ferric  chloride,  until  the  yellow-brown 
colour  of  the  latter  has  turned  green.  On  the  other  hand,  a 
solution  of  gold  trichloride  is  diluted  with  300-  400  parts  of 
water,  and  into  this  solution  the  green  liquid  is  poured  with 
constant  stirring.  The  liquid  turns  brown,  and  on  being  left 
to  stand  for  a  day,  deposits  a  brown  precipitate,  which  is 
filtered  off,  washed  several  times  in  clean  water,  and  dried. 

This  method  will  only  give  good  results  when  the  gold 
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solution  is  sufficiently  dilute,  a  condition  revealed  by  the 
following  test.  Before  commencing  to  pour  the  tin  solution 
into  the  gold  solution,  a  glass  red  is  dipped  into  the  former, 
and  then  into  the  gold  solution,  whereupon  a  brown  precipitate 
should  form  about  the  rod,  hut  immediately  redissolve  and 
impart  a  wine-red  coloration  to  the  surrounding  liquid.  The 
refusal  of  the  precipitate  to  dissolve  indicates  that  the  gold 
solution  contains  too  little  water  and  must  he  further  diluted. 

bolley’s  gold  purple. 

A  solution  of  stannic  ammonium  chloride  is  left  in  contact 
with  granulated  tin  for  several  days  and  then  treated  with 
very  dilute  gold  chloride  solution,  whereupon  the  purple  will 
separate  out  in  a  short  time. 

figuier’s  gold  purple. 

According  to  this  recipe,  gold  purple  is  prepared  in  the  dry 
way  by  fusing  a  small  quantity  of  anhydrous  borax  in  a 
crucible,  heating  it  to  redness,  and  then  introducing  150  parts 
of  chemically  pure  silver,  HO  parts  of  gold,  and  35T  parts  of 
tin,  the  temperature  being  afterwards  raised  so  that  the  metals 
combine  to  form  a  homogeneous  alloy.  When  the  crucible  is 
cold,  the  contents  are  boiled  with  hot  water,  to  dissolve  out 
the  borax,  and  the  fragments  of  metal  are  immersed  in  dilute 
nitric  acid,  which  dissolves  out  the  silver,  whilst  the  gold  and 
tin  combine,  with  absorption  of  oxygen,  to  form  gold  purple. 

schnitzler’s  gold  purple. 

One  part  of  crystallised  stannous  chloride  and  2  of  crystal¬ 
lised  stannic  chloride  are  dissolved  separately,  and  the  mixed 
solutions  are  poured  into  a  very  dilute  solution  of  1  part  of 
gold  chloride.  A  purple  precipitate  is  formed,  which  gradu¬ 
ally  subsides,  the  deposition  being  accelerated  by  adding 
alcohol. 
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waechter’s  gold  purple. 

We  are  indebted  to  this  chemist  for  a  number  of  recipes  for 
the  preparation  of  gold  purple,  all  of  considerable  importance 
for  our  purpose,  since,  by  following  his  instructions,  various 
shades  of  purple  can  be  obtained. 

DARK  GOLD  PURPLE. 

Half  a  gramme  of  gold  is  converted  into  gold  trichloride,  and 
the  solution,  diluted  with  10  litres  of  water,  is  treated  with  a 
solution  of  7-5  grms.  of  stannous  chloride.  After  adding  a  few 
drops  of  sulphuric  acid,  the  precipitate  is  allowed  to  settle  down, 
and  when  dry  is  mixed  with  0'5  grm.  of  silver  carbonate  and  10 
grms.  of  lead  flux. 

LIGHT  PURPLE. 

Five  grammes  of  tin  are  dissolved  in  hot  nitro-hydrochloric 
acid  (a  mixture  of  3  parts  of  hydrochloric  acid  and  1  of  nitric  acid), 
the  solution  being  evaporated  on  the  water  bath  until  solid  and 
all  the  free  acid  has  been  vaporised.  The  residue  is  dissolved 
in  distilled  water,  mixed  with  a  solution  of  2  grms.  of  stannous 
chloride  (sp.  gr.  1*7),  diluted  with  10  litres  of  water,  and 
treated  with  a  solution  of  0-5  grm.  of  gold  and  50  grms.  of 
ammonia.  The  liquid  turns  deep  red  and  soon  deposits  a 
precipitate,  which  is  washed,  and  while  still  moist,  mixed  with 
20  grms.  of  lead  flux  of  the  composition  given  below,  the  dried 
powder  being  treated  with  3  grms.  of  silver  carbonate. 

The  lead  flux  is  prepared  by  fusing  together  1  part  of  quartz 
sand,  1  part  of  calcined  borax,  and  2  parts  of  red  lead.  The 
resulting  purple  is  of  a  pale  colour :  and  an  amethyst  shade  can 
be  obtained  by  omitting  the  silver  carbonate. 

ROSE  PURPLE. 

A  solution  of  1  grm.  of  gold,  in  the  form  of  gold  trichloride, 
is  mixed  with  a  solution  of  50  grms.  of  alum,  and  treated  with 
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1  '5  grni .  of  stannous  chloride  solution  (sp.  gr.  l-7),  ammonia 
being  then  poured  in  as  long  as  a  precipitate  continues  to  form. 
This  precipitate  is  washed,  dried,  and  mixed  with  70  grms.  of 
the  above  lead  flux  and  2 ‘5  grms.  of  silver  carbonate. 

In  addition  to  the  purple  of  Cassius,  consisting  of  gold  oxide 
and  tin  oxide,  gold  purples  can  he  prepared  by  means  of 
magnesium  or  aluminium  oxides. 


MAGNESIA  PURPLE. 

Magnesia  is  levigated  in  water  to  form  a  thin  milk,  and  is 
heated  to  near  boiling  with  a  solution  of  gold  trichloride,  the 
washed  precipitate  being  afterwards  dried  and  heated  to 
redness. 

ALUMINA  PURPLE. 

An  aqueous  solution  of  potassium  alum  is  mixed  with  one 
of  gold  trichloride  and  precipitated  with  ammonia,  the  precipi¬ 
tate  being  washed,  dried,  and  calcined. 

RUBY  GLASS. 

This  is  the  name  applied  to  a  perfectly  transparent  glass,  of 
exactly  the  same  tint  as  the  ruby.  This  glass  possesses  special 
importance  for  the  porcelain  painter,  since  it  enables  a  wide 
range  of  colours  to  be  obtained,  from  the  palest  pink  to  the 
deepest  ruby  red. 

According  to  the  method  of  preparation  adopted,  two  kinds 
of  ruby  glass  are  known  :  gold  ruby  glass  and  copper  ruby 
glass,  the  former  containing  metallic  gold  in  a  special  form  of 
solution  in  the  glass  ;  the  other  being  coloured  by  metallic 
copper.  For  porcelain  painting  it  is  immaterial  which  of  these 
glasses  is  used,  both  furnishing  exactly  the  same  colour  in  use. 

At  one  time  gold  ruby  glass  was  very  high  in  price,  on  the 
pretext  of  its  content  of  the  expensive  metal,  gold.  This, 
hoAvever,  is  unjustifiable,  1  part  of  gold  being  sufficient  to 
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transform  50,000  parts  of  glass  into  deep  ruby  glass.  The 
tinctorial  power  of  gold  toward  glass  is  so  powerful  that  even 
1  part  in  100,000  will  give  a  light  red  glass. 

Moreover,  the  solvent  capacity  of  glass  for  gold  is  very 
small,  and  if  an  excess  of  gold  be  taken  designedly,  the  glass 
will  only  dissolve  sufficient  to  give  a  deep  ruby  glass,  the 
surplus  gold  being  left  behind  as  a  fused  button  in  the  bottom 
of  the  crucible. 


GOLD  RUBY  GLASS. 


A  number  of  recipes  for  making  handsome  gold  ruby  glass 
are  known,  but  it  will  be  sufficient  for  our  purpose  to  give  only 
a  few  of  tbe  easiest.  The  gold  must  always  be  in  the  form  of 
trichloride  (obtained  by  dissolving  gold  in  nitro-hydrochloric 
acid),  and  used  as  a  very  dilute  solution.  This  solution  is 
sprinkled  over  the  quartz  sand  used  in  the  charge  of  glass 
metal,  the  sand  being  well  stirred  to  ensure  that  all  tbe  particles 
are  wetted  with  the  solution  :  and  it  is  only  when  this  has 
been  accomplished  that  the  rest  of  the  glass  ingredients  are 
added.  The  glass  metal  is  compounded  according  to  Cohn’s 
formula,  namely  : — - 

Quartz  sand  .....  300  parts. 


Red  lead 
Potash 

Potassium  nitrate 


Minted  gold  may  be  used  for  preparing  the  solution,  the 
small  amount  of  copper  present  having  no  injurious  influence 
on  the  colour. 

The  finished  molten  glass  must  be  heated  as  high  as  possible, 
to  convert  the  gold  into  the  modification  which  stains  tbe 
glass  red ;  otherwise  only  a  leather  -  brown  glass  will  be 
obtained. 

Finished  ruby  glass  is  colourless  when  cold,  and  it  is  only  on 
being  reheated  that  the  red  coloration  appears. 
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According  to  another  recipe  by  Fuchs,  gold  ruby  glass  may 
be  prepared  by  melting  a  charge  of  glass  metal  composed  of — 


Quartz 
Red  lead 
Potassium  nitrate 
Potassium  carbonate 


5  parts, 
8  „ 

1  part, 


the  molten  glass  being  run  out  of  the  furnace  into  cold  water. 
The  powdered  melt  is  mixed  with  the  following  ingredients  : — 


Melt  . 

Crystallised  borax 
Tin  oxide  . 
Antimony  oxide  . 


4000  parts, 
750  „ 


and  sprinkled  with  gold  solution. 

The  charge  is  fused  in  a  crucible  for  twelve  hours,  and  then 
allowed  to  cool  in  an  annealing  oven.  The  mass  broken  out  of 
the  crucible  is  topaz  yellow  in  colour,  but  soon  turns  deep  red 
when  reheated. 


COPPER  RUBY  GLASS. 

Like  gold,  metallic  copper  has  the  property  of  dissolving  to 
a  ruby  red  colour  in  glass,  in  certain  circumstances.  In  prepar¬ 
ing  this  glass  it  is  important  to  give  the  glass  metal  such  a 
composition  that  the  copper  is  obliged  to  remain  in  the  metallic 
state,  since,  if  it  were  converted  into  oxide,  the  colour  would 
be  blue  or  green,  and  not  ruby. 

Ferric  oxide  is  generally  selected  as  the  reducing  agent  to 
prevent  the  copper  being  oxidised.  For  ruby  glass  the  propor¬ 
tion  of  copper  in  the  metal  should  not  exceed  2  per  cent.,  a 
larger  quantity  producing  a  blood  red  colour  (“  hmmatinone  ”). 

According  to  Stein,  the  following  charge  of  glass  metal  is 
suitable  for  ruby  glass  : — 

Quartz  sand . 100  parts. 

Red  lead . 166 
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Ferric  oxide 
Copper  ash  . 


10  parts. 


The  ferric  oxide  may  also  be  replaced  by  7  parts  of  tin  ash. 

Another  glass  metal,  which  also  furnishes  good  results,  is 
compounded  of — 


100  parts. 


Quartz  sand . 
Red  lead 
Copper  ash  . 
Tin  ash 


The  charge  is  fused  for  twelve  hours,  and  repeatedly  stirred 
with  a  stick  in  order  that  the  reducing  vapours  liberated  by  the 
wood  may  prevent  the  oxidation  of  the  copper,  whilst  at  the 
same  time  the  ingredients  are  intimately  mixed.  The  finished 
glass  is  granulated  in  water  and  remelted,  the  colour  developing 
in  this  operation  just  as  in  the  case  of  gold  ruby  glass. 


GREEN  PORCELAIN  COLOURS. 


Several  substances  capable  of  imparting  a  green  coloration 
to  glass  are  known,  namely,  uranium  oxide  (already  mentioned 
in  connection  with  yellows),  ferrous  oxide,  copper  oxide,  and 
chromic  oxide. 

The  use  of  ferrous  oxide  for  porcelain  painting  is,  however, 
precluded  on  account  of  its  powerful  reducing  action,  so  that 
when  applied  to  porcelain  with  a  lead  flux  and  fired,  it  would 
undergo  conversion  into  ferric  oxide  and  produce  a  bottle- 
brown  colour. 

Copper  oxide  stains  glass  fluxes  a  peculiar  bluish  green, 
but  is  rarely  used,  owing  to  its  liability  to  go  wrong  in  the 
firing  process. 

Chromic  oxide  is  the  colour  most  generally  employed  for 
green  on  porcelain,  since  it  furnishes  a  perfectly  pure  green, 
entirely  free  from  traces  of  any  other  tone,  and  can  be  employed 
as  the  standard  pure  green  in  the  colour  scale.  Since  the 
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chrome  greens  can  be  shaded  to  any  desired  extent  by 
the  addition  of  yellow  on  the  one  hand,  and  blue  on  the 
other,  they  are  sufficient  for  all  the  purposes  now  in 
question. 

Mention  should  be  made  of  the  special  peculiarity  of  chromic 
oxide,  of  dissolving  in  considerable  quantities  in  molten  glass, 
and  of  undergoing  partial  deposition  when  the  temperature  of 
the  glass  metal  sinks  below  a  certain  point.  It  separates  in  the 
form  of  microscopic  crystals,  and  imparts  to  the  glass  the 
appearance  of  the  so-called  chrome  aventurin  glasses,  the  matrix 
of  green  glass  containing  minute  crystals  of  chromic  oxide, 
which  cannot  be  seen  by  the  unaided  eye,  and  reflect  the  light 
in  a  curious  manner,  imparting  a  peculiar  appearance  to  the 
glass.  This  effect  being  undesirable  in  porcelain  painting, 
care  must  be  taken  in  preparing  the  chrome-green  colours 
to  avoid  using  more  than  a  certain  amount  of  chromic 
oxide. 


BLUE  PORCELAIN  COLOURS. 

All  blue  colours  for  porcelain  are  prepared  from  cobalt  com¬ 
pounds,  and  consist  chiefly  of  a  substance  coloured  blue  by 
cohalt  oxide,  which  substance  must  he  regarded  as  a  glass. 
The  simplest  way  to  prepare  it  is  by  fusing  either  pure  cobalt 
oxide  or  cobaltic  carbonate  with  pure  quartz  sand,  zinc  oxide,  and 
sodium  carbonate.  The  blue  colour  of  the  resulting  glass 
depends  on  the  amount  of  cobalt  oxide  and  zinc  oxide  present 
in  the  mixture. 

The  higher  the  relative  proportion  of  the  cohalt  compounds, 
the  darker  the  colour  of  the  glass,  the  completely  fused  mass 
having  the  appearance  of  a  black  substance,  which  only 
transmits  a  dark  blue  light  through  the  sharp-edged  surfaces 
of  fracture. 

The  colour  pastes  made  in  glass  works  consist  of  fusible 
glass,  preferably  a  fusible  lead  glass  deeply  stained  by  means 
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of  large  quantities  of  pigmentary  oxides.  Similar  colour  pastes 
are  also  suitable  for  painting  on  porcelain,  a  readily  fusible 
lead  glass  being  melted  with  a  weighed  quantity  of  cobalt 
oxide  in  a  porcelain  crucible.  The  fused  mass  is  poured  into 
cold  water,  in  which  it  quickly  solidifies  and  becomes  so  brittle 
as  to  be  easily  reduced  to  fine  powder.  After  the  mass  has 
been  pulverised  as  finely  as  possible  in  the  dry  state,  it  is 
levigated  until  an  impalpable  powder  is  obtained. 

This  powder,  which  gives  the  darkest  shade  of  blue  that 
is  possible  to  obtain,  is  next  mixed  with  varying  proportions  of 
flux  and  fired  on  test  plates  of  porcelain,  thus  enabling  the 
colour  furnished  by  a  given  mixture  of  blue  mass  and  flux  to 
be  determined  beforehand. 

Since,  as  already  mentioned,  the  blue  mass  is  itself  a  glass, 
it  melts  to  a  uniform  mass  when  fired  along  with  the  flux ; 
and  even  large  surfaces  can  be  painted  with  these  colours  with¬ 
out  showing  the  slightest  inequality  in  shade. 

The  pure  blue  obtainable  from  cobalt  oxide  exclusively,  can 
be  easily  modified  in  various  ways.  As  a  rule,  these  shaded 
colours  are  prepared  only  at  the  time  of  use,  by  mixing,  for 
instance,  a  yellow  with  a  blue,  and  thus  imparting  a  greenish 
tinge  to  the  pure  blue.  The  addition  of  a  certain  quantity 
of  red  will  give  a  purple  tint,  which  may  be  further  modified 
to  violet. 

Fairly  large  quantities  of  alumina  are  also  frequently  used 
in  the  preparation  of  cobalt  blues,  their  addition  giving  the 
colour  a  greenish  cast.  The  usual  reason  for  these  additions, 
however,  is  not  to  modify  the  shade,  but  to  enable  the  colour 
to  stand  greater  heat  and  fit  it  for  use  as  an  underglaze 
colour. 

The  fluxes  employed  for  the  blue  cobalt  colours  must  always 
be  free  from  alkali,  the  presence  of  the  latter  invariably  exerting 
an  unfavourable  influence  on  the  beauty  of  the  colour.  Pre¬ 
ference  is  given  to  the  pure  lead  fluxes,  or  such  as  contain 
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a  certain  quantity  of  boric  acid.  In  order  to  prevent  the  said 
injurious  influence  on  the  colour,  the  amount  of  soda  used 
in  preparing  the  aforesaid  glass  pastes  must  be  reduced  to 
a  minimum,  so  that  the  resulting  glass  mainly  consists  of  lead 
silicate.  To  increase  the  fusibility,  a  certain  amount  of  boric 
acid  is  added  to  the  glass  metal  in  the  making,  in  place  of  an 
equivalent  quantity  of  silica. 

GLOST  FIRE  BLUE. 

Though  all  the  blue  ceramic  colours  contain  cobalt  oxide, 
they  often  differ  considerably  in  tone — even  when  prepared 
from  pure  oxide — under  different  firing  temperatures,  though 
one  and  the  same  preparation  has  been  used.  The  reason  for 
this  peculiar  phenomenon  is  that  certain  cobalt  colours  are 
very  susceptible  to  the  reducing  action  of  the  fire  gases  that 
cannot  always  be  excluded,  despite  all  the  care  taken,  so  that 
some  of  the  oxides  are  reduced  to  a  lower  stage  of  oxidation 
and  the  colour  comes  out  different  from  the  shade  desired. 

The  surest  way  to  rectify  this  defect  is  by  using  a  colour 
composed  of  cobalt  oxide  and  magnesia,  or  preferably  alumina. 
Some  potters  think  that  the  better  results  are  obtained  by 
replacing  those  oxides  by  ground  porcelain  or  pure  kaolin,  but 
this  is  not  in  accordance  with  fact. 

A  compound  of  cobalt  oxide  and  alumina  can  be  prepared  in 
which  these  two  oxides  are  so  firmly  combined  that  even 
a  prolonged  exposure  to  the  action  of  reducing  gases  cannot 
alter  the  tone  of  the  colour. 

We  will  now  give  a  few  recipes  that  are  employed  in  many 
works  for  producing  a  resistant  blue  colour,  and  will  then 
describe  the  methods  that  seem  preferable  to  the  author. 

One  part  of  cobalt  oxide  is  mixed  with  1-3  parts  of  pure 
precipitated  alumina,  or  with  1  part  of  calcined  magnesia,  or 
1  part  of  pure  kaolin.  The  very  finely  powdered  oxides  must 
be  mixed  with  great  care,  and  the  mixture  then  exposed  to  as 
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high  a  temperature  as  possible,  the  resulting  mass  being  after¬ 
wards  ground  along  with  one-third  its  own  weight  of  ground 
glaze  mass.  Some  makers  add  a  certain  amount  of  potassium 
nitrate  to  the  mixture,  to  prevent  the  reducing  action  of  the 
tire  gases  in  the  kiln  by  disengaging  oxygen  ;  and  in  some 
works  the  finished  colour  is  boiled  with  a  5  per  cent,  solution 
of  potassium  nitrate,  and  finally  evaporated  to  dryness.  By 
working  in  this  way  the  potassium  nitrate  is  not  decomposed 
until  the  colour  is  fired  on  the  ware  (these  colours  are 
generally  used  under  glaze),  the  residual  potash  passing  into 
the  glaze. 


COBALT  BLUE  BY  THE  WET  METHOD. 

The  handsomest  and  most  uniform  cohalt  blues  are  obtained 
from  the  combination  of  cohalt  oxide  and  alumina,  prepared 
by  the  wet  method,  the  colour  being  the  Thenard’s  blue,  so 
long  esteemed  by  artists  as  the  finest  and  most  durable  colour 
of  its  kind.  The  method  of  preparation  is  as  follows,  the 
product  being  always  of  uniform  character  : — 

Twenty-three  parts  of  anhydrous  cohaltous  sulphate  are 
dissolved  in  water,  and  mixed,  by  stirring  with  a  glass  rod, 
with  another  aqueous  solution  of  166  parts  of  aluminium 
sulphate,  the  mixture  being  treated  with  a  solution  of  sodium 
carbonate  (free  from  iron)  so  long  as  a  precipitate  continues 
to  form.  The  precipitate  is  collected  on  a  filter,  well  washed 
with  hot  water,  and  dried  at  a  temperature  which  can  be 
raised  to  incipient  red  heat,  after  which  it  is  stamped  solid 
in  an  xxnglazed  porcelain  crucible.  The  latter  is  then  covered 
with  a  projecting  lid  and  placed  in  a  Hessian  crucible,  in 
which  it  is  brasqued  with  powdered  manganese  dioxide,  and 
the  whole  is  exposed  to  the  highest  temperature  of  the  glost 
kiln. 

When  cold,  the  contents  form  a  deep  blue  mass  consisting 
of  a  stable  chemical  compound  of  the  formula  :  5A1203  +  3CoO, 
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and  the  combination  will  be  the  more  intimate  the  higher 
the  temperature  during  the  heating  process.  The  object  of 
brasquing  the  crucible  with  manganese  dioxide  is  to  prevent 
any  reducing  action  by  the  furnace  gases,  the  dioxide  liberating 
oxygen  when  heated. 

By  mixing  certain  proportions  of  this  blue  mass  with  a 
glaze  of  constant  composition,  any  desired  shade  of  blue  can 
always  he  obtained ;  and  it  is  advisable  to  use  this  colour  in¬ 
variably  for  producing  the  so-called  onion  pattern  on  porcelain, 
since  by  this  means  failure  is  precluded. 

COBALTOUS  ZINC  PHOSPHATE. 

This  preparation,  which  is  distinguished  by  its  very 
handsome,  peculiar  blue  tone,  can  he  easily  made  by  treating 
a  solution  of  ordinary  sodium  phosphate  with  a  solution  of  zinc 
sulphate  so  long  as  a  white  precipitate  continues  to  form.  The 
liquid  is  then  stirred  up  well  with  a  solution  of  cobaltous 
sulphate,  added  progressively  until  the  colour  of  the  precipitate 
has  changed  to  a  deep  blue. 

Used  alone  with  flux,  cobaltous  phosphate  yields  a  very 
fine  blue  of  peculiar  tone,  which  can  be  shaded  as  desired  by 
additions  of  pure  cobaltous  oxide  or  some  other  blue  cobalt 
colour. 


COBALTOUS  SILICATE. 

This  very  handsome  and  stable  colour  can  be  easily  pre¬ 
pared  by  treating  a  solution  of  cobaltous  sulphate  with  very 
dilute  sodium  silicate  so  long  as  a  precipitate  forms.  This 
precipitate  must  he  repeatedly  washed  with  boiling  water  to 
remove  any  excess  of  sodium  silicate.  When  dry,  the  pre¬ 
cipitate  is  fused  and  poured  into  cold  water  to  make  it  easy 
to  pulverise.  The  preparation  yields  very  handsome,  pure 
blues,  the  depth  of  which  depends  on  the  amount  of  flux 
added. 
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VIOLET  rORCELAIN  COLOUR!-!. 

The  only  pure  violet  colours  obtainable  for  porcelain  painting 
are  those  from  manganese  compounds.  It  is  frequently  stated 
in  works  on  the  subject  that  a  very  fine  violet  can  be  prepared 
from  selected  lumps  of  manganese  dioxide  (the  mineral 
pyrolusite),  reduced  to  a  fine  powder  and  mixed  in  suitable 
proportions  with  flux.  The  author,  however,  wishes  it  to  be 
distinctly  understood  that  he  has  never  succeeded  in  obtaining 
a  perfectly  violet  in  this  way,  even  from  the  finest  specimens 
of  the  mineral.  The  colour  is  never  pure,  especially  in  the 
lighter  shades,  but  always  contains  some  extraneous  admixtures. 
This  is  easy  to  understand  when  it  is  remembered  that  the 
presence  of  minute  traces  of  foreign  oxides  greatly  influences 
the  colour,  and  that  ferric  oxide  is  never  absent  from  even 
the  finest  lumps  of  the  mineral. 

To  obviate  this  defect  the  author  recommends  the  use  of 
perfectly  pure  manganese  preparations,  such  as  are  obtained  by 
the  method  .described  below,  the  more  so  because,  in  view  of 
the  powerful  tinctorial  properties  of  manganese,  the  amount 
of  the  pure  manganese  preparation  required  for  a  large  quantity 
of  porcelain  colour  is  very  small. 

A  fine  specimen  of  manganese  mineral  is  taken,  reduced  to 
fine  powder  and  boiled  with  hydrochloric  acid  in  a  porcelain 
dish  until  the  liberation  of  chlorine  gas  ceases,  the  operation 
being  conducted  under  a  chimney  with  a  good  draught  on 
account  of  the  injurious  action  of  the  gas  on  the  respiratory 
organs.  The  result  is  a  brown  solution  of  manganous  chloride, 
which  must  be  filtered  for  further  treatment.  It  should  be 
stated  that  this  crude  manganous  chloride  solution  can  be 
purchased  from  works  in  which  chlorine  is  manufactured 
from  manganese  dioxide  and  hydrochloric  acid,  the  chloride 
being  left  as  a  by-product. 

A  solution  of  potassium  hypochlorite  is  prepared  by  suffusing 
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bleaching  powder  with  water,  stirring  up  the  mixture,  and, 
after  leaving  it  for  half  an  hour,  filtering  the  solution  into 
that  of  the  crude  manganous  chloride. 

The  contact  of  the  two  liquids  results  in  the  immediate 
formation  of  a  deep  brown  precipitate,  which  continually 
increases  in  quantity,  whilst  at  the  same  time  the  previously 
dark  brown  liquid  becomes  paler  and  paler,  until  at  length 
it  is  merely  stained  pale  yellow  from  the  dissolved  ferric 
oxide.  The  precipitate,  which  quickly  settles  down,  consists 
of  hydrated  manganese  peroxide  and  is  of  a  deep  brown 
colour.  It  is  collected  on  a  filter,  washed  out  well  with  hot 
water,  dried,  and  carefully  heated  to  about  150-160°  C., 
whereby  the  water  of  hydration  is  expelled  and  manganese 
peroxide  is  left. 

Since  the  presence  of  even  a  very  small  quantity  of  organic 
matter  is  sufficient  to  considerably  affect  the  colour  developed 
by  manganese,  the  finished  oxide  must  be  immediately  placed 
in  tightly  closed  vessels,  the  least  trace  of  atmospheric  dust 
being  very  injurious. 

Great  care  is  also  necessary  in  firing  manganese  violet  on 
the  ware,  and  the  operation  must  be  always  conducted  in 
muffles  effectually  protected  against  the  influx  of  reducing 
gases,  the  latter  either  spoiling  the  violet  entirely,  or  else 
making  it  much  weaker  than  it  should  be. 

Finally,  it  must  be  remarked  that  the  tinctorial  power  of 
manganese  is  so  strong  that  the  oxide  can  even  be  employed 
for  producing  a  fairly  pure  black.  All  that  is  necessary  for 
this  purpose  is  to  use  a  very  large  quantity  of  manganese 
peroxide  in  proportion  to  the  flux,  and  a  perfectly  black 
looking  mass  will  be  obtained.  As  a  matter  of  fact,  this 
mass  is  violet  in  colour,  as  can  readily  be  ascertained  by 
examining  a  very  thin  splinter  by  transmitted  light;  but  the 
violet  is  so  deep  that  it  appears  black  to  the  eye. 

Consequently,  as  will  be  mentioned  later  in  dealing  with 
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the  black  porcelain  colours,  a  certain  amount  of  manganese 
peroxide  is  used  in  their  preparation  along  with  other 
oxides. 

A  very  handsome  violet  can  also  he  obtained  with  purple 
of  Cassius,  by  adding  a  suitable  quantity  of  cobalt  oxide. 

BROWN  PORCELAIN  COLOURS. 

No  single  pigment  capable  of  producing  brown  colours  on 
porcelain  is  known,  a  mixture  of  various  oxides  being  necessary 
in  all  cases.  Hence,  in  order  to  be  able  to  obtain  any  definite 
shade  of  brown,  it  is  essential  to  employ  known  quantities  of 
pigmentary  oxides  in  the  mixture.  The  number  of  shades 
of  brown,  however,  is  so  large  that  it  is  impossible  to  give 
recipes  for  them  all,  and  the  correct  proportions  to  use  for 
any  desired  shade  must  be  ascertained  by  experiment. 

Light  brown  colours  are  usually  prepared  by  mixing  iron- 
red  colours  with  varying  proportions  of  zinc  oxide,  and 
occasionally  with  a  little  nickelous  oxide  as  well. 

For  darker  shades  of  brown  the  iron  reds  are  mixed  with 
manganese  oxide  or  ochre,  toning  the  mixture  if  necessary 
with  nickel  oxide. 

The  addition  of  a  certain  quantity  of  cobalt  oxide  to  these 
mixtures  will  give  a  brown  so  deep  in  colour  as  to  appear 
nearly  black ;  and  a  pure  deep  black  is  obtained  by  the  further 
addition  of  pure  chromic  oxide  or  ferric  chromate.  It  should, 

.  however,  be  noted  that  great  care  is  necessary  in  adding  these 
auxiliary  pigments,  cobalt  oxide,  chromic  oxide,  and  ferric 
chromate,  when  a  brown  colour  is  desired,  their  tinctorial 
power  being  so  great  that  they  mask  the  fundamental  colour 
if  used  in  excess. 

BLACK  AND  GREY  PORCELAIN  COLOURS. 

The  black  porcelain  colours  consist  of  the  mixtures  just 
mentioned,  though  iridium  oxide  is  also  suitable,  furnishing  a 
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very  handsome  but  expensive  black.  For  this  reason  it  is 
rarely  employed. 

The  easiest  way  to  prepare  grey  is  by  mixing  one  of  the 
above  blacks  with  a  corresponding  amount  of  zinc  oxide ;  the 
larger  the  proportion  of  the  latter  the  paler  the  grey. 

Instead  of  zinc  oxide,  some  porcelain  painters  use  flux  direct, 
to  turn  the  black  into  grey. 

The  finest  grey,  and  one  that  will  mix  well  with  other 
colours,  is  obtained  from  finely  divided  metallic  platinum;  but 
of  course  this  very  expensive  colour  can  only  be  used  for  the 
finest  work. 

ENAMEL  COLOURS. 

The  colours  just  described  are  those  generally  employed  for 
decorations  that  are  to  be  fired  in  a  muffle.  In  addition,  for 
the  production  of  certain  effects,  the  porcelain  painter  employs 
other  colours  differing  from  the  foregoing  in  that  they  do 
not  allow  the  white  substance  of  the  ware  to  show  through, 
but  are  opaque. 

The  colours  used  for  this  purpose  are  known  as  enamel 
colours,  and  they  differ  in  composition  from  the  previously 
described  porcelain  colours  in  containing  such  a  large  proportion 
of  tin  oxide  that  they  form  an  opaque  mass  when  fired.  This 
gives  the  colours  an  entirely  different  appearance,  the  change 
being  on  a  par  with  that  already  mentioned  in  connection  with 
cobalt  blue,  which  when  mixed  with  a  sufficient  amount  of 
flux  gives  a  more  or  less  deep  sky  blue,  but  is  modified 
into  turquoise  or  forget-me-not  blue  by  an  addition  of  tin 
oxide. 

A  point  to  be  borne  in  mind  in  the  preparation  of  the  muffle 
colours  is  the  relative  fusibility  of  the  various  colours  them¬ 
selves.  It  is  desirable  that  all  the  colours  employed  in  produc¬ 
ing  a  decoration  should  have  about  the  same  fusing  point,  a 
condition  that  is  not  easy  of  fulfilment,  owing  to  the  necessity 
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of  using  different  fluxes,  with  varying  fusing  points,  for  different 
colours. 

The  temperature  necessary  in  any  given  case  may  he  ascer¬ 
tained  by  a  trial,  taking  care  to  avoid  excessive  heat,  as  this 
tends  to  alter  the  shade  of  certain  colours. 

In  order  to  test  the  colours  in  this  way,  a  smooth  porcelain 
tile  is  painted  over  with  the  colours  to  be  used,  and  is  then 
fired  in  a  small  muffle  covered  with  a  lid  provided  with  a  peep¬ 
hole.  The  point  at  which  any  of  the  colours  are  sufficiently 
fired  is  indicated  by  their  sudden  glossing,  due  to  the  melting 
of  the  flux ;  and  so  long  as  any  of  the  colours  remain  matt  on 
the  tile,  they  are  not  done,  the  glaze  not  having  fused. 

To  obviate  the  injurious  effect  of  a  too  protracted  high  tem¬ 
perature  on  the  delicate  colours,  it  is  usual,  in  the  firing  pro¬ 
cess,  to  warm  the  ware  strongly  at  first,  without,  however, 
raising  the  temperature  to  the  melting  point  of  even  the  most 
fusible  flux,  and  only  then  increasing  the  heat  for  a  short  time 
to  a  point  at  which  the  most  refractory  of  the  fluxes  is  melted. 
This  precaution  is  adopted  for  the  sole  purpose  of  preventing 
the  cracking  of  the  ware,  the  risk  of  which  is  considerable 
when  high  temperatures  are  employed  from  the  start. 

Preparation  op  the  Muffle  Colours. 

The  operations  in  this  process  comprise :  powdering  the 
colours,  mixing  them  with  the  necessary  amount  of  flux,  and 
incorporating  them  with  the  liquid  medium  enabling  them  to 
be  applied  to  the  ware. 

The  reduction  of  the  colours  to  powder  must  be  effected  with 
great  care,  the  production  of  an  impalpable  powder  being 
essential,  so  that  no  coarse  granules  can  be  detected  when  the 
powder  is  examined  with  a  magnifier.  Should  any  such 
granules  be  present,  the  inevitable  result  would  be  the  forma¬ 
tion  of  dark  specks  on  the  ware. 

Colours  that  are  unaffected  by  contact  with  large  quantities 


Muffle  Colours 


187 

of  water  may  be  ground  in  a  wet  mill,  this  method  being  also 
adopted  for  the  duxes.  The  powdered  colours  and  duxes  are 
incorporated  by  protracted  trituration,  so  as  to  form  a  perfectly 
homogeneous  mixture. 

The  medium  generally  used  for  bringing  the  mixed  colour 
and  dux  into  a  workable  consistency  is  oil  of  turpentine,  the 
powder  being  spread  on  a  sheet  of  glass,  the  requisite  quantity 
of  turps  poured  on  to  it,  and  the  whole  mixed  to  a  uniform 
wash  by  means  of  a  glass  muller. 

This  troublesome  task,  however,  is  now  generally  superseded 
by  the  use  of  colour  mills,  the  mixing  being  performed  betAveen 
tAvo  closely  set  plates  or  a  pair  of  cones  one  of  which  fits 
accurately  inside  the  other.  The  contact  surfaces  of  these  mills 
must  in  all  cases  consist  of  porcelain,  since  even  the  smallest 
particle  of  metal  from  the  plates  or  cones  would  spoil  the  colour. 
If  roller  mills  are  used,  the  rollers  must  be  made  of  porcelain. 

The  finest  rectided  oil  of  turpentine  is  a  liquid  Avhich,  Avhen 
exposed  to  the  air  in  thin  layers,  quickly  evaporates  without 
the  slightest  trace  of  residue.  If  such  oil  of  turpentine  Avere 
used  alone  for  mixing  the  colours,  the  latter  would  adhere  very 
imperfectly  to  the  smooth  surface  of  the  glaze,  and  easily  drop 
olf  as  soon  as  the  medium  evaporated.  For  this  reason  it  is 
customary  to  add  to  the  oil  of  turpentine  a  small  percentage 
of  thickened  oil,  prepared  as  described  below,  in  order  to  impart 
viscosity  to  the  wash  and  enable  the  dried  colour  to  adhere 
sufficiently  to  the  Avare. 

About  two  quarts  of  rectided  oil  of  turpentine  are  placed  in 
a  clear  glass  bottle,  holding  about  2 ^  gallons,  the  bottle  being 
tightly  corked  and  set  in  a  very  sunny  place.  In  the  course 
of  a  feAv  days,  the  turpentine  Avill  be  observed  to  have  turned 
yellow  and  become  appreciably  thicker.  The  thickening 
process  can  be  greatly  accelerated  by  bloAving  fresh  air  into 
the  bottle  about  once  a  Aveek ;  and  in  a  feAv  months’  time  the 
oil  Avill  have  become  converted  into  a  semi-solid  mass. 
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In  presence  of  atmospheric  oxygen  and  direct  sunlight,  the 
oil  of  turpentine  takes  up  oxygen  (the  latter  having  first  been 
converted  into  ozone)  and  begins  to  resinify  ;  in  fact,  if  left 
long  enough,  it  would  he  completely  changed  into  resin.  From 
time  to  time  a  certain  amount  of  this  thickened  oil  may  be 
removed  from  the  bottle  and  mixed  with  pure  oil  of  turpentine, 
to  form  a  kind  of  varnish  which  will  make  the  colours  suffi¬ 
ciently  adhesive  when  applied  to  the  ware.  A  small  percentage 
of  the  thickened  oil  is  sufficient  for  this  purpose. 

The  painted  ware  must  he  carefully  protected  from  dust 
until  it  can  be  transferred  to  the  muffle  for  firing,  since  other¬ 
wise  the  organic  matter  in  the  dust  would  he  carbonised  and 
exert  a  reducing  effect  on  some  of  the  colours,  thus  entirely 
spoiling  their  appearance. 


CHAPTER  IX. 


Decorating  Porcelain  with  Metals. 

TN  addition  to  colours  and  lustres,  porcelain  can  be  decorated 
1  with  the  aid  of  certain  metals,  thus  imparting  a  greater 
richness  of  appearance  than  is  possible  by  any  other  means. 
Since  the  metals  must  also  be  fired  on  the  ware,  it  naturally 
follows  that  only  such  metals  can  be  used  as  Avill  stand  heating 
in  the  air  without  undergoing  oxidation. 

This  condition  is  only  fulfilled  in  its  entirety  by  the  metals 
of  a  single  group,  the  so-called  “  noble  ”  metals  :  gold,  silver,  and 
platinum.  It  is  true  that  aluminium  also  can  be  heated  to  a 
relatively  high  temperature  without  oxidising;  and  numerous 
attempts  have  therefore  been  made,  but  apparently  without 
success,  to  apply  this  handsome  bluish-white  metal  in  the 
decoration  of  porcelain  on  the  same  lines  as  the  noble  metals. 
If  this  were  possible  it  would  mark  a  distinct  advance,  the 
metal  being  obtainable  at  a  very  low  price. 

The  noble  metals  for  use  on  porcelain  must  always  be  in  an 
extremely  fine  state  of  division,  so  fine,  indeed,  that  it  can  only 
be  obtained  by  chemical  means.  They  must  be  employed 
either  in  the  state  of  powder  or  in  certain  forms  of  solution. 

Both  these  can  be  obtained  in  commerce,  but  the  prices 
asked  are  so  high  that  their  preparation  in  the  works  is 
advisable  when  any  but  the  very  smallest  quantities  are  used. 
For  this  reason  we  shall  devote  a  section  to  the  methods  by 
which  the  porcelain  painter  can  make  his  own  preparations  for 
metallic  decoration. 
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There  are  two  ways  of  decorating  porcelain  with  metal :  in 
the  one,  the  metal  after  firing  remains  matt  and  devoid  of  lustre 
until  burnished;  whilst  in  the  other,  in  which  certain  solutions 
of  the  metals  are  used,  the  lustre  appears  at  once  after  firing. 
Since  this  method  obviates  the  troublesome  operation  of 
burnishing,  it  is  gradually  replacing  the  latter  except  for  very 
expensive  ware,  in  which  special  effects  can  be  obtained  by 
burnishing  part  of  the  metal  and  leaving  other  portions  matt. 

MAKING  GOLD  PREPARATIONS. 

The  preparations  used  for  gilding  porcelain  are  gold 
trichloride,  metallic  gold,  and  the  so-called  gold-sulphur  balsam. 
To  obtain  these  preparations  in  a  suitable  condition  it  is 
essential  that  chemically  pure  gold  should  be  used,  since  the 
presence  of  even  minute  traces  of  foreign  metals  will  prevent 
the  formation  of  the  true  gold  colour,  spoiling  the  tone  and 
causing  changes  due  to  oxidation.  The  only  exception  to  this 
rule  is  in  the  cases  of  an  alloy  of  gold  with  another  noble 
metal,  e.g.,  a  very  small  quantity  of  rhodium. 

Commercial  fine  gold,  though  classed  as  chemically  pure,  is 
not  absolutely  so,  but  contains  certain,  if  very  minute,  traces  of 
foreign  metals.  Hence  to  obtain  the  perfectly  pure  article 
required  for  our  purpose,  the  porcelain  decorator  must  prepare 
the  fine  gold  himself. 

THE  PREPARATION  OF  CHEMICALLY  PURE  GOLD  TRICHLORIDE 
AND  METALLIC  GOLD. 

Chemically  pure  gold  can  be  prepared  from  any  commercial 
form  of  the  metal,  such  as  old  coins,  broken  jewellery 
settings,  etc.,  cut  up  into  very  small  pieces  with  the  shears,  in 
order  to  present  a  larger  surface  to  the  action  of  the  solvent, 
and  thus  accelerate  solution. 

The  solvent  used  must  be  a  liquid  that  disengages  free 
chlorine,  this  being  the  only  way  in  which  gold  can  be 
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dissolved.  Nitro-hydrochloric  acid  or  aqua  regia  (so  called 
because  it  dissolves  the  king  of  metals),  consisting  of  1  volume 
of  nitric  acid  and  3  of  hydrochloric  acid,  is  invariably  used. 
Since  this  mixture  decomposes  on  standing,  it  cannot  be 
prepared  beforehand,  but  the  gold  is  placed  in  a  glass  beaker 
along  with  the  hydrochloric  acid,  and  the  requisite  proportion 
of  nitric  acid  is  poured  in.  The  glass  beaker  should  be  placed 
in  a  porcelain  basin  containing  a  little  water,  so  that,  in  the 
event  of  the  beaker  breaking,  the  contents  will  not  be  lost. 

Solution  proceeds  at  ordinary  temperature,  but  can  be  greatly 
accelerated  by  heat,  the  porcelain  basin  being  placed  on  a 
tripod  and  the  water  heated  to  boiling  by  means  of  a  spirit  or 
gas  flame  underneath.  When  the  liberation  of  vapour  from 
the  liquid  ceases,  a  little  more  nitric  acid  is  added,  this  being 
followed  by  more  hydrochloric  acid  if  the  disengagement  of 
vapour  is  not  resumed  in  a  short  time.  The  endeavour  should 
be  to  dissolve  the  gold  with  a  minimum  of  acid,  since  all  excess 
has  to  be  carefully  eliminated  afterward  by  a  troublesome 
process  of  evaporation. 

When  all  the  gold  is  dissolved,  a  small  quantity  of  fine  grey 
powder  may  sometimes  be  observed  at  the  bottom  of  the  glass. 
This  consists  of  silver  chloride,  and  is  a  sign  that  the  gold 
contained  silver. 

The  gold  solution  has  a  peculiar  yellow  colour,  a  greenish 
tinge  indicating  the  presence  of  a  considerable  amount  of  copper 
in  the  gold.  After  diluting  the  solution  with  a  considerable 
amount  of  water- — to  protect  the  filter  paper  from  corrosion  by 
the  acid — the  solution  is  filtered  into  a  porcelain  basin,  where 
it  is  carefully  evaporated  so  that  it  continually  liberates  vapour 
but  does  not  begin  to  boil.  Should  boiling  occur,  a  loss  of 
gold  will  be  sustained  by  the  liquid  spurting  out  of  the  basin. 
Evaporation  is  continued  until  only  a  very  small  quantity  of 
brown  liquid  remains  in  the  basin ;  and  this  on  cooling  will 
furnish  golden  brown  crystals  of  gold  trichloride.  As  these 
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crystals  still  contain  a  considerable  amount  of  acid,  they  must 
be  redissolved  in  distilled  water  and  carefully  reconcentrated  to 
crystallisation  point,  whereby  pure  gold  trichloride  is  finally 
obtained. 

To  recover  finely  powdered  gold  from  the  trichloride,  the 
latter  is  dissolved  in  sufficient  water  to  form  a  pale  wine-yellow 
solution,  and  to  this  is  added  a  filtered  solution  of  ferrous 
sulphate.  The  mixture  on  being  stirred  turns  dark  brown,  and 
in  a  short  time  a  brown  powder,  consisting  of  chemically  pure 
gold,  is  deposited.  The  solution  is  tested,  to  see  whether  it 
contains  any  more  gold,  by  a  further  addition  of  ferrous 
sulphate ;  and  if  no  precipitate  is  formed,  the  whole  of  the 
gold  has  been  already  removed. 

After  waiting  until  the  liquid  is  again  quite  clear  and 
transparent,  the  greater  portion  is  decanted,  and  the  gold 
powder  is  collected  on  a  filter,  on  which  it  is  washed  with 
distilled  water  until  the  washings  run  away  quite  colourless, 
whereupon  the  filter  is  covered  with  paper  and  the  gold  powder 
left  to  dry. 

The  resulting  chemically  pure  gold  is  an  extremely  delicate 
and  very  dense  powder,  of  a  peculiar  brown  colour,  and 
possessing  the  property  of  assuming  the  lustre  of  metallic  gold 
when  rubbed  by  means  of  a  hard  substance,  such  as  a 
burnishing  iron  on  a  glass  plate.  Under  the  microscope  the 
powder  is  seen  to  consist  of  innumerable  tiny  crystals. 

This  gold  powder  is  mixed  with  the  proper  quantity  of  a 
suitable  flux,  applied  to  the  ware  and  fired,  the  resulting  matt 
surface  acquiring  the  ordinary  gold  lustre  when  burnished. 

BRIGHT  GOLD. 

A  gold  preparation  which  furnishes  a  bright  surface  at  once 
when  fired  on  the  ware  can  be  obtained  in  various  ways.  The 
old  process  for  this  purpose,  however,  gave  such  a  thin  coating 
that  it  resembled  a  lustre  with  a  golden  sheen  rather  than  solid 
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gilding.  More  recently,  a  preparation,  known  as  bright  gold 
solution,  has  been  put  on  the  market,  and  really  furnishes  good 
results.  It  consists  of  a  clear  brown  liquid,  fairly  thick  in 
consistency  and  with  an  agreeable  aromatic  odour.  The 
proportion  of  gold  it  contains  is  about  12  per  cent.,  together 
with  about  1  per  cent,  of  rhodium  based  on  the  weight  of  gold 
present.  This  latter  metal  is  the  cause  of  the  gold  becoming 
bright,  without  burnishing,  when  fired.  A  number  of  other 
metals  are  also  present  in  the  solution,  especially  bismuth, 
uranium,  chromium,  and  iron,  all  in  the  condition  of  resinates! 
The  alloy  of  gold  and  rhodium  itself  is  in  the  form  of  a 
compound  (auroterpene  sulphide),  which  is  readily  soluble  in 
ethereal  oils. 


A  hen  gold  sulphide  is  dissolved  in  balsam  of  sulphur,  and 
the  solution  is  suitably  diluted  with  a  volatile  ethereal  oil— oil 
of  turpentine  or  lavender  oil— a  solution  furnishing  bright  gold 
is  obtained ;  but  this  solution  is  attended  with  the  drawback 
that,  even  when  stored  in  the  dark,  it  rapidly  decomposes,  with 
deposition  of  metallic  gold,  and  therefore  must  be  freshly 
prepared  for  use  every  time. 


A  solution  of  gold  trichloride,  treated  with  a  solution  of  soap 
made  from  soda  and  pine  resin,  gives  a  precipitate  which  may 
be  regarded  as  gold  resinate :  and  when  this  compound  is 
dissolved  in  oil  of  turpentine  or  lavender  oil,  and  fired  on 
porcelain  with  the  requisite  amount  of  flux,  a  bright  gold  is 
obtained. 


balsam  op  sulphur. 

The  chief  factor  in  obtaining  a  quick  drying  bright  gold  is 
the  use  of  a  preparation  known  as  balsam  of  sulphur.  This 
substance  may  be  prepared  in  various  ways,  one  of  them,  giving 
good  results,  being  as  follows  : — 

Sixteen  parts  of  Venice  turpentine  and  80  of  rectified  oil 
of  turpentine  are  placed  in  a  carefully  warmed  porcelain 
*3 
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dish  (a  gas  flame  being  preferably  used),  and  heated 
with  care  until  a  homogeneous  liquid  is  obtained.  Sixteen 
parts  of  finely  powdered  sulphur  are  then  stirred  in,  the  stirring 
and  warming  being  maintained  until  the  whole  is  dissolved. 
The  process  is  facilitated  by  the  gradual  addition  of  50  parts 


of  oil  of  spike  lavender. 

The  gold  solution  is  stirred  into  this  liquid,  at  a  moderately 
warm  temperature,  until  all  the  gold  has  passed  into  the 
balsam  of  sulphur,  and  the  acid  liquid,  resulting  from  the 
decomposition  of  the  gold  chloride,  has  collected  on  the  top. 
This  liquid  is  poured  off,  and  the  mass  is  repeatedly  washed 
with  hot  water,  after  which  it  is  warmed  with  100  parts  of  oil 
of  turpentine  and  65  parts  of  oil  of  lavender,  until  a  clear  liquid 
is  obtained. 

According  to  Butertro,  the  gold  solution  for  use  with  this 
balsam  of  sulphur  is  prepared  as  follows  : 

Thirty-two  parts  of  gold  are  dissolved  in  a  mixture  of  298 
parts  of  hydrochloric  acid  and  128  parts  of  nitric  acid,  1*2 
parts  of  tin  and  L2  of  antimony  trichloride  (butter  of  antimony) 
being  added,  and  the  whole  mixed  with  the  balsam  of  sulphur. 
The  gilding  furnished  by  this  preparation  leaves  nothing  to  be 
desired  in  point  of  brightness,  but  the  layer  of  gold  is  very 
thin,  so  that  it  soon  wears  off  in  use. 

A  fine,  durable  bright 'gold  can  be  produced  by  mixing  gold 
chloride  with  a  liquid  containing,  in  addition  to  a  certain 
amount  of  chromium  resinate,  a  little  basic  bismuth  nitrate. 
The  proportions  are  as  follow  : 


Gold  trichloride 
Lavender  oil  . 

Basic  bismuth  nitrate 
Chromium  resinate 


100  parts. 


900 

5 

50 


5  > 
5) 
5  J 


The  basic  bismuth  nitrate  is  obtained  by  dissolving  metallic 
bismuth  in  nitric  acid,  and  pouring  the  solution  into  500-600 
times  its  own  volume  of  water.  A  pure  white  substance 
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immediately  separates,  which,  being  very  dense,  subsides 
quickly,  whereupon  it  is  collected  on  a  filter  and  washed  with 
water  until  the  washings  cease  to  give  an  acid  reaction.  This 
white  substance  is  basic  bismuth  nitrate. 

The  balsam  of  sulphur  described  above  is  viscous,  and  con¬ 
sequently  difficult  to  manipulate;  and,  according  to  Schwarz, 
a  better  result  can  be  obtained  with  the  following  method  : _ 

Oil  of  turpentine  is  exposed  to  the  air  until  it  has  thickened 
and  partially  resinified,  whereupon  50  parts  of  the  same  are 
boiled  with  10  of  sulphur  for  some  time,  the  cooled  mass  being 
mixed  with  its  own  weight  of  lavender  oil.  A  solution  of 
gold  chloride  is  prepared  from  1  part  of  metal,  and  mixed  with 
8-9  parts  of  the  balsam  of  sulphur  by  kneading  continuously 
in  a  mortar.  A  liberation  of  hydrochloric  acid  vapours  will  be 
observed. 

The  mixture  may  be  regarded  as  finished  when  it  has  become 
viscous  and  resinous,  and  110  longer  sticks  to  the  fingers.  It  is 
readily  soluble  in  lavender  oil.  After  standing  for  twenty-four 
hours  the  mass  is  treated  with  a  quantity  of  basic  bismuth  nitrate 
corresponding  to  1  part  of  this  salt  for  each  2  of  gold  present. 
To  enable  the  mass  to  be  filtered  it  is  mixed  with  carbon 
disulphide,  which  renders  it  sufficiently  fluid  to  pass  through 
a  paper  filter.  The  filtered  liquid  can  be  left  by  itself,  for  the 
carbon  disulphide  to  evaporate,  whereupon  it  is  ready  for  use. 

SILVER  PREPARATIONS. 

The  raw  material  for  the  silver  preparations  used  in  decorat¬ 
ing  porcelain  is  invariably  commercial  silver,  which  contains 
variable  proportions  of  copper.  Chemically  pure  silver  is  pre¬ 
pared,  and  can  then  be  used  for  making  the  various  preparations 

SILVER  POWDER. 

The  pure  silver  is  prepared  by  dissolving  the  metal  in  a 
minimum  of  nitric  acid,  which  must  be  perfectly  free  from 
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chlorine  compounds,  a  solution  stained  blue  by  the  presence 
of  copper  being  obtained.  The  liquid  is  strongly  diluted  with 
distilled  water  and  filtered,  any  brown  powder  remaining  on 
the  filter  consisting  of  pure  gold  and  indicating  the  presence 
of  this  metal  in  the  silver — an  occurrence  by  no  means  in¬ 
frequent  in  the  case  of  old  silver  coins. 

A  polished  strip  of  copper  is  dipped  in  the  clear  filtered 
solution,  and  is  moved  to  and  fro,  causing  the  silver  to  deposit 
in  the  form  of  a  very  fine  grey  powder.  The  absence  of  any 
precipitate  on  the  addition  of  a  drop  of  hydrochloric  acid  to 
the  filtered  liquid  shows  that  all  the  silver  is  down. 

The  silver  powder  is  filtered  off,  and  washed  with  hot  water 
until  the  washings  no  longer  exhibit  any  colour  reaction  with 
a  little  ammonia.  A  blue  coloration  under  this  test  indicates 
that  all  the  copper  has  not  been  washed  out.  The  sufficiently 
washed  silver  may  be  either  dried,  or  else  converted  at  once, 
in  the  wet  state,  into  silver  nitrate. 


SILVER  NITRATE. 

This  salt  is  obtained  by  dissolving  silver  powder  in  nitric 
acid,  filtering  the  solution  if  necessary,  and  carefully  evaporating 
it  in  a  shallow  porcelain  dish,  without  boiling,  until  a  dry  solid 
residue  is  left,  this  being  then  heated  until  it  fuses  to  a  clear 
liquid  which  crystallises  on  cooling.  The  fusing  process  is 
necessary  to  expel  the  final  traces  of  nitric  acid  which  are 
tenaciously  retained  by  the  salt. 

To  prepare  silver  carbonate  from  the  nitrate,  the  latter  is 
dissolved  in  distilled  water  and  treated  with  a  solution  of  pure 
sodium  carbonate  so  long  as  a  precipitate  continues  to  form, 
the  precipitate  being  then  washed  and  dried.  It  should  be 
noted  that  all  silver  preparations  must  be  kept  in  orange- 
coloured  or  black  bottles,  since  direct  sunlight  causes  them  to 
decompose  with  deposition  of  metallic  silver. 
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PLATINUM  PREPARATIONS. 

The  platinum  preparations  used  in  porcelain  painting  include, 
besides  metallic  platinum,  platinum  chloride  and  ammonium 
platinocliloride,  which  are  obtained  by  dissolving  the  com¬ 
mercial  metal  in  nitro-hydrochloric  acid. 

On  carefully  evaporating  the  brown  solution,  brown  crystals 
of  platinum  chloride  are  obtained,  which  are  soluble  in  water, 
alcohol,  and  ether.  The  solution  is  used  for  preparing  the 
platinocliloride  and  also  the  finely  divided  metal.  For  the 
former,  the  solution  of  platinum  chloride  is  treated  with  an 
aqueous  solution  of  ammonium  chloride  (sal  ammoniac),  and 
well  stirred.  After  a  short  time  a  dense  yellow  precipitate 
settles  at  the  bottom  of  the  vessel,  and  must  be  filtered  off  and 
washed  several  times  with  strong  alcohol.  When  dry,  the 
ammonium  platinocliloride  appears  as  a  yellow  powder  of  high 
specific  gravity. 

do  prepare  the  finely  divided  metallic  powder,  perfectly  dry 
ammonium  platinocliloride  is  placed  in  a  porcelain  crucible, 
which  is  then  carefully  and  gradually  raised  to  a  strong  red 
heat,  at  which  temperature  the  salt  is  decomposed,  leaving 
finely  divided  platinum  behind.  In  this  condition  the  metal 
is  in  the  form  of  a  velvet-black  powder,  but  changes  to  grey, 
with  a  metallic  lustre,  under  the  influence  of  the  burnishing 
iron. 


Gilding,  Silvering,  and  Platinising  Porcelain. 

BURNISHED  GOLD. 

When  porcelain  is  to  be  decorated  with  burnished  gold,  the 
gold  powder  obtained  by  precipitation  is  mixed  with  a  flux, 
generally  consisting  of  basic  bismuth  nitrate,  in  the  proportion 
of  5  10  per  cent,  of  the  weight  of  the  gold,  together  with  about 
half  that  proportion  of  borax  to  render  the  flux  more  fusible,  lead 
borate  being  used  when  the  ware  is  to  be  fired  at  a  very  low 
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temperature.  This  last-named  salt  is  obtained  by  treating  an 
aqueous  solution  of  lead  acetate  with  borax  solution,  and 
drying  the  resulting  precipitate. 

For  inferior  ware  an  endeavour  is  made  to  economise  in  the 
gold  by  adding  to  the  latter  half  its  own  weight  of  red  mercury 
oxide,  which  volatilises  without  any  residue  in  firing.  On  the 
other  hand,  for  expensive  ware,  in  which  the  fired  gilding  has 
sometimes  to  be  engraved,  the  gold  is  used  without  any  such 
admixture ;  and  this  thick  coating  of  gold  is  sometimes  termed 
engraving  gold.  Matt  gold,  i.e.  gold  that  is  not  burnished 
after  firing,  is  produced  by  applying  a  mixture  of  gold  and 
silver,  without  any  flux,  and  firing  at  a  high  temperature,  or 
by  intimately  triturating  finely  ground  pure  gold  leaf  with  oil 
of  turpentine,  applying  the  mixture  with  a  brush  and  firing  at 
a  high  temperature. 

Burnished  gold  may  be  shaded  by  the  addition  of  other 
metals.  Pure  gold  has  a  reddish  tone,  but  on  the  addition  of  a 
small  quantity  of  silver,  a  pure  golden  yellow  is  obtained, 
whilst  on  increasing  the  silver  to  about  50  per  cent,  of  the 
gold,  the  tone  is  modified  to  greenish  gold.  Finally,  an 
addition  of  platinum  furnishes  a  beautiful  golden  red. 

The  gold  may  also  be  used  along  with  small  quantities  of 
fusible  colours,  which  tone  the  metallic  lustre,  a  beautiful 
bronze  being  obtained,  for  instance,  by  adding  a  little  reddish- 
brown  fusible  colour. 

The  fired  gold  is  always  dull,  with  little  metallic  lustre,  but 
gradually  acquires  a  faint  lustre  when  rubbed  with  wet  smooth 
sand.  A  better  plan,  however,  is  to  burnish  the  gold  with  a 
glass  brush,  since  the  sand  easily  injures  the  gilding.  To 
impart  the  maximum  lustre,  the  gilding  must  be  burnished, 
at  first  with  an  agate  burnisher,  and  finally  with  one  of 
bloodstone.  The  gilding  can  be  protected  from  wear  by 
coating  it  with  a  fusible  glaze  and  firing  this  on.  Moreover, 
to  prevent  the  gold  wearing  off  in  use,  it  must  be  thickly 


Decorating  Porcelain  with  Metals  199 


laid  on,  and  burnished  with  special  care,  the  heavy  pressure 
applied  to  the  burnishers  flattening  the  particles  of  gold,  and, 
as  it  were,  uniting  them  to  form  a  coherent  sheet  of  metal. 

To  economise  gold,  and  at  the  same  time  produce  the 
appearance  of  heavy  gilding,  the  parts  to  be  coated  with  gold 
may  be  first  painted  over  with  yellow  colour,  which  masks 
the  white  background. 

For  articles  of  value,  in  which  cost  is  a  minor  consideration 
in  comparison  with  a  handsome  appearance,  for  instance 
richly  decorated  ornamental  vases,  very  thick  burnished 
gilding  is  generally  employed.  An  advantage  is  secured  in 
such  cases,  inasmuch  as  parts  of  the  gilding  may  be  left  matt, 
whilst  others  are  more  or  less  highly  burnished.  In  this 
manner  highly  artistic  effects  may  be  obtained  by  burnished 
figuring  on  a  matt  ground. 

Similar  effects  can  be  produced  with  bright  gold,  but  in 
such  event  the  porcelain  requires  special  preparation.  Thus 
bright  gold  only  attains  its  maximum  lustre  when  fired  on 
a  smooth  glaze  surface,  but  if  fired  on  unglazed  ware,  on  pieces 
the  glaze  of  which  has  been  roughened  or  removed,  the  gilding 
remains  matt. 

A  simple  method  of  roughening  glaze  on  certain  parts  of  the 
ware  consists  in  mixing  finely  ground  porcelain  sherds  with  a 
small  quantity  of  flux,  and  applying  the  mixture  to,  and 
firing  it  on,  the  parts  in  question.  Another  way  is  to  catch  the 
surface  with  hydrofluoric  acid,  the  degree  of  roughness 
obtained  depending  on  the  duration  of  exposure  to  the  etching- 
agent.  The  most  delicate  way  of  producing  the  same  result  is 
by  covering  the  ware  with  a  stencil,  cut  out  in  the  required 
design,  and  exposing  it  in  the  sand-blast  machine,  the  sand 
quickly  roughening  the  glaze  sufficiently  to  leave  the  gilding 
matt  when  fired,  whilst  on  the  untouched  parts  it  develops  its 
full  lustre. 

I11  works  where  much  gilding  is  done  and  a  particularly 
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handsome  appearance  is  desired,  the  deposit  of  gold  can  he 
strengthened  by  electro-gilding.  For  this  purpose  the  gold  is 
applied  in  the  usual  manner,  and  when  fired,  the  ware  is 
placed  direct  in  the  electroplating  bath,  in  which  the  gilded 
parts  are  connected  with  the  one  polar  wire,  and  a  plate  of 
gold  forms  the  other  electrode.  The  deposition  of  gold  on 
the  gilding  begins  immediately,  and  the  thickness  of  the 
deposit  depends  on  the  length  of  the  sojourn  in  the  bath. 

Silvering  and  Platinising  Porcelain. 

Porcelain  can  be  coated  with  silver  and  platinum  in  exactly 
the  same  manner  as  described  for  gilding,  the  only  difference 
being  that  finely  divided  (precipitated)  silver  or  platinum 
(from  ammonium  platinochloride)  is  used. 

The  decoration  may  be  either  matt  or  bright,  as  in  the  case  of 
gold.  Silver  is  now  rarely  used,  the  more  expensive  platinum 
being  preferred,  since  even  the  best  silvering  has  little 
durability,  and  turns  grey  or  even  black  in  a  very  short  time. 
This  is  due  to  the  great  affinity  this  metal  has  toward  sulphur, 
which  is  always  present — as  sulphuretted  hydrogen  and 
sulphur  dioxide — in  the  atmosphere,  to  an  extent  which, 
though  minute,  is  sufficient  to  form  the  black  compound, 
silver  sulphide,  which  causes  the  silver  to  first  of  all  lose  its 
lustre,  then  turn  grey,  and  finally  black.  Platinum  does  not 
exhibit  the  fine  white  colour  peculiar  to  silver,  being  more  of 
a  pale  steely  grey,  but  retains  its  metallic  lustre  intact  on 
exposure  to  the  air. 

There  is  only  one  way  to  preserve  the  metallic  lustre  of 
silver  on  porcelain,  namely,  by  placing  the  fired  ware  in  a  gold 
plating  bath  and  covering  the  silver,  by  electrolytic  means, 
with  an  extremely  thin  deposit  of  gold,  which,  without  masking 
the  colour  of  the  silver,  protects  it  against  the  injurious  action 
of  sulphur  compounds.  Care  is,  however,  necessary  in 
handling  silvered  ware  treated  in  this  way,  since,  if  wiped 
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even  with  the  softest  of  cloths,  the  gold  facing  will  be  soon 
abraded  and  the  exposed  silver  will  tarnish. 

As  in  the  case  of  gold,  metallic  silver  and  platinum  are 
applied  in  a  mixture  with  a  suitable  amount  of  basic  bismuth 
nitrate,  and  fired.  Bright  silver  and  platinum  are  also 
produced  by  preparing  the  mass  with  balsam  of  sulphur,  as 
already  described  for  gold. 


CHAPTER  X. 

Decorating  Porcelain  by  Electroplating. 

IXCE  the  introduction  of  the  sand  blast  into  ceramics,  fine 


^  faience  ware,  and  more  especially  porcelain,  can  be 
decorated  by  electroplating.  The  author  was  the  first  to 
apply  this  method  of  decoration,  which  yields  very  handsome 
effects,  the  modus  operandi  being  as  follows  : 

The  completely  finished  porcelain  or  faience  ware  is  covered 
with  stencils  of  thick,  soft  paper  in  such  a  manner  as  to  leave 
exposed  only  the  parts  to  be  decorated  by  electroplating.  If, 
for  example,  in  the  case  of  a  vase,  the  decoration  is  to  consist  of 
a  fine  network  of  lines,  the  vase  is  completely  enveloped  with 
the  paper  (gummed  on),  and  the  lines  are  then  cut  out  with  a 
sharp  knife.  When  a  punch  is  used,  the  network  is  preferably 
cut  beforehand,  the  paper  being  spread  out  flat,  and  afterwards 
carefully  gummed  on  to  the  vase.  Leaves,  flowers,  letters,  etc., 
are  cut  with  the  punch  first,  and  carefully  finished  off  with  a 
knife  when  the  paper  is  in  position. 

It  must  be  taken,  as  a  rule,  that  all  parts  of  the  ware  that  are 
to  be  coated  with  metal  must  be  fully  exposed,  this  being  done 
with  great  care,  since  there  is  no  possibility  of  improving 
defective  parts  afterwards.  If  too  much  of  the  paper  has 
been  cut  away  in  any  place,  this  can  be  remedied  by  pasting 
another  piece  of  paper  and  cutting  the  latter  properly. 

The  prepared  ware  is  next  placed  in  a  sand-blast  machine, 
which,  in  the  case  of  vases  and  other  round  ware,  must  be 
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arranged  to  turn  on  a  vertical  axis,  so  that  all  parts  of  the 
ware  may  be  exposed  to  the  blast. 

The  ware  is  left  in  the  machine  until  the  glaze  has  been 
completely  removed  from  all  the  exposed  portions,  and  the  matt 
surface  of  unglazed  porcelain  is  revealed.  When  expensive 
metals,  like  gold  or  silver,  are  to  be  employed,  it  is  preferable 
to  continue  the  action  of  the  sand  blast  somewhat  longer,  so  that 
the  substance  of  the  porcelain  itself  is  etched  away  to  a  certain 
depth.  By  this  means  a  thicker  deposit  of  metal  is  obtained 
and  the  durability  of  the  decoration  is  increased. 

The  next  stage  is  to  immerse  the  ware  in  water  until  the 
stencil  paper  comes  away  of  itself  and  can  be  removed  without 
difficulty. 

Then  the  surfaces  etched  by  the  sand  blast  must  be  made 
electrically  conductive.  This  can  be  done  in  various  ways,  one 
of  them  being  to  reduce  pure  graphite  to  an  impalpable  powder, 
by  grinding  and  levigation,  and  then  rub  it  firmly  into  the 
depressions  in  the  ware  by  means  of  a  fine  brush.  No  particular 
care  need  be  taken  to  confine  this  to  the  etched  portions  alone, 
the  graphite  being  easily  wiped  off  the  smooth  glazed  parts  with 
a  soft  cloth,  though  it  adheres  firmly  to  the  remainder.  This 
done,  the  ware  must  be  carefully  examined,  bearing  in  mind 
that  all  portions  of  the  surface  that  are  to  be  coated  with  metal 
must  show  up  black  and  shiny,  i.e.  be  covered  with  graphite. 

In  a  second  method,  all  the  etched  portions  of  the  ware  are 
painted  over  carefully  with  a  solution  of  silver  nitrate,  contain¬ 
ing  a  little  aniline  dye,  any  portion  of  the  nitrate  that  may 
have  got  on  to  the  glazed  parts  being  afterwards  removed  with 
a  soft  cloth.  The  piece  is  then  placed  under  a  bell  glass,  in 
which  is  inserted  a  small  vessel  containing  aldehyde,  the  vapour 
of  which  reduces  the  nitrate  to  metallic  silver,  thus  causing  the 
coated  parts  to  assume  a  silvery  lustre. 

This  done,  the  piece  is  taken  out  of  the  bell  glass,  washed 
with  a  spray  of  water,  and  put  in  the  electroplating  bath.  Any  of 
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the  metals  that  are  deposited  from  solutions  of  their  compounds 
by  the  electric  current  can  be  used  for  this  class  of  decoration  : 
platinum,  gold,  silver,  copper  (also  brass  or  bronze),  nickel,  or 
cobalt.  The  bath  liquor  must,  of  course,  contain  the  correspond¬ 
ing  metal  in  a  state  of  aqueous  solution. 

The  ware  being  in  the  plating  bath,  the  parts  coated  with 
graphite  or  silver  must  be  connected  with  the  source  of  current 
by  a  number  of  thin  wires,  which  are  coated  with  varnish  except 
at  the  ends  where  they  make  contact  with  the  silver  or  graphite. 
All  isolated  portions  of  the  decoration  must  be  connected  up 
with  the  source  of  current  in  the  same  way,  otherwise  no 
deposition  of  metal  will  occur  on  them. 

The  bath  is  charged  with  the  electroplating  solution,  and 
after  any  air  bells  on  the  coated  portions  of  the  ware  have  been 
carefully  removed  with  a  fine  brush,  the  current  is  turned  on, 
and  allowed  to  act  until  the  metal  deposited  on  the  coated  parts 
projects  a  little  beyond  the  surface  of  the  glazed  portions.  The 
current  is  then  turned  off  and  the  ware  taken  out  of  the  bath, 
well  rinsed  and  examined  for  any  defects  in  the  deposit,  these 
being  rectified  by  returning  the  ware  to  the  bath. 

The  metallic  deposit  is  always  soft,  and  can  therefore  be 
pressed  down  by  the  burnisher,  so  that  the  surface  is  flush  with 
that  of  the  glaze  ;  at  the  same  time  it  acquires  a  highly  bur¬ 
nished  lustre. 

Designs  in  several  metals  can  be  applied  by  first  plating  in  a 
bath  of  one  metal,  and  then  in  one  containing  another  metal, 
e.g.,  decorating  certain  parts  first  with  silver,  and  then  others 
with  gold. 

Since  ware  decorated  by  this  method  must  always  belong  to 
the  class  of  expensive  ware,  owing  to  the  time  and  cost 
expended  in  its  production,  the  decoration  is  only  applied 
to  special,  ornamental  pieces,  which,  however,  are  certain  to 
attract  attention  by  their  peculiar  appearance,  especially  when 
the  metallic  decoration  is  tastefully  combined  with  colour. 
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To  produce  a  similar  decorative  effect  at  lower  cost,  it  is 
advisable  to  first  electroplate  the  etched  portions  of  the  surface 
with  copper,  and  then  coat  the  latter  with  a  noble  metal  (gold 
or  silver)  in  the  same  way.  Of  course,  a  portion  of  the  copper 
can  be  faced,  with  one  metal,  and  other  portions  with  another, 
an  increased  effect  being  obtained  by  producing  a  patina  on 
some  parts  of  the  copper. 


CHAPTER  XL 


Lustre  Decorations  on  Porcelain. 


HHE  so-called  lustre  decoration  affords  a  means  of  imparting  a 


special  appearance  to  porcelain  ware.  It  may  be  divided 
into  two  chief  classes  :  colourless  and  coloured  lustre,  the  former 
comprising  all  those  preparations  by  means  of  which  the  surface 
of  porcelain  is  made  to  acquire  a  peculiar  sheen  which  is  not 
inherent  in  the  glaze.  Thus  the  sheen  and  gloss  of  mother- 
of-pearl  or  a  moonlight  effect  can  be  produced  by  this 


means. 


Coloured  lustres  impart  a  metallic  lustre  in  addition  to  colour, 
the  ware  being  made  to  acquire  the  appearance  of  oxidised 
bronze,  for  instance,  or  the  iridescent  effect  of  peacock  feathers ; 
and  peculiar  colour  and  reflex  effects  can  be  produced  by  the 
conjoint  use  of  colourless  and  coloured  lustres. 

In  chemical  composition,  lustres  are  compounds  of  metallic 
oxides  with  the  acids  of  ordinary  pine  resin,  dissolved  in  a 
suitable  solvent,  lavender  oil  being  usually  employed  for  that 
purpose.  These  solutions  are  applied  to  the  glazed  ware  and 
fired,  whereupon  the  above-mentioned  light  and  colour  effects, 
which  vary  according  to  the  lustre  employed,  appear  direct. 

The  lustres  may  be  prepared  by  two  different  methods : 
in  the  wet  or  the  dry  way.  The  wet  method  is  preferable, 
as  furnishing  products  of  perfectly  homogeneous  composition, 
so  that  all  parts  of  the  ware  are  lustred  alike  when  fired. 

The  usual  method  of  preparation  in  the  dry  way  is  to 
carefully  fuse  the  metallic  oxides — preferably  in  the  form 
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of  nitrates — with  pure  pine  resin  in  certain  proportions,  use 
being  made  of  lavender  oil  to  facilitate  the  combination  of  the 
metallic  salts  with  the  resin  acids,  and  furnish  direct  a  liquid 
which  only  needs  suitable  thinning  down  to  be  ready  for  use  on 
the  glazed  porcelain  ware. 

Colourless  lustres  may  be  applied  over  colourless  or  coloured 
glazes,  the  sheen  of  the  lustre  in  the  latter  case  being  modified 
by  the  underlying  colour. 

The  colourless  lustres  are — 

Alumina  lustre, 

Zinc  oxide  lustre, 

Lead  oxide  lustre,  and 

Bismuth  oxide  lustre. 

The  coloured  lustres  include — 

Iron  lustre,  which  forms  a  lustrous  red  coating,  which  can  he 
modified,  by  means  of  suitable  adjuncts,  into  light  brown  or 
a  golden  tone. 

Cadmium  lustre. — This,  when  fired  at  a  low  temperature, 
gives  a  yellowish-red  coating,  which  either  does  not  appear 
at  all  at  a  high  temperature,  or,  if  formed,  vanishes  immediately. 

Uranium  lustre. — This  handsome  lustre  has  a  peculiar 
greenish-yellow  colour;  and  when  mixed  with  bismuth  lustre 
gives  a  mother-of-pearl  sheen. 

Nichel  lustre  when  fired  is  a  very  agreeable  light  brown. 

Cobalt  lustre. — This  varies  in  colour  according  to  the  degree 
of  concentration  used.  In  a  very  dilute  state,  the  colour  is 
chocolate  brown,  whilst  more  highly  concentrated  solutions  give 
dark  brown  to  nearly  brownish  black. 

Copper  lustre. — This  has  a  peculiar  reddish-brown  colour. 

Various  additional  effects  can  be  obtained  by  mixing  the 
above  lustres  in  suitable  proportions,  an  example  of  these  being 
afforded  by  the  so-called  cantharides  lustre  and  the  metal 
lustres.  These  special  lustres  will  be  thoroughly  described 
later. 
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PREPARING  LUSTRES  BY  TIIE  WET  METHOD. 

Though  certain  lustres  can  be  prepared  by  the  dry  method, 
the  majority  are  now  made  by  the  wet  method,  which  will  be 
described  here  in  general,  the  only  difference  in  the  individual 
cases  being  in  the  metallic  salts  used. 

The  chief  ingredient  is  a  solution  of  sodium  resinate  or  a 
soda-resin  soap,  obtained  by  preparing  an  aqueous  solution  of 
sodium  carbonate,  which  is  heated  to  boiling  and  treated  with 
an  addition  of  powdered  pine  resin  (colophony)  in  successive 
small  quantities.  This  resin  mainly  consists  of  acids  which 
are  sufficiently  powerful  to  displace  carbonic  acid  from  com¬ 
bination  as  carbonates,  and  to  combine  with  the  metallic  oxides 
forming  the  bases  of  these  carbonates.  In  fact,  a  considerable 
frothing,  due  to  the  liberation  of  carbonic  acid,  will  become 
manifest  when  the  resin  is  thrown  into  the  sodium  carbonate 
solution.  When  the  added  resin  no  longer  dissolves,  this 
indicates  that  no  more  undecomposed  carbonate  is  left,  and 
that  the  solution  contains  nothing  but  dissolved  sodium  re¬ 
sinate. 

The  liquid,  after  being  diluted  with  water,  is  boiled  up  again, 
and  then  left  to  settle  until  it  has  cooled  down  to  ordinary 
temperature  and  all  undissolved  matters  have  subsided.  The 
supernatant  clear  solution  of  soda-resin  soap,  which  is  pale 
yellow  or  light  brown  in  colour,  is  decanted  and  is  ready  for 
use  in  the  preparation  of  the  various  metallic  resinates. 

With  this  object  a  salt  of  the  desired  metallic  oxide  is  dis¬ 
solved  in  water,  diluted  considerably  and  treated  with  a  solution 
of  resin  soap  so  long  as  a  precipitate  continues  to  form.  The 
precipitate  is  filtered  off,  washed  with  hot  water  and  dried.  It 
should  be  noted  that  only  the  alkali  resinates  are  soluble  in 
water,  those  of  all  the  other  metallic  oxides  being  insoluble 
therein,  and  are  consequently  deposited  as  precipitates.  Many 
of  the  resinates  have  the  property  of  almost  entirely  losing 
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their  solubility  in  ethereal  oils  on  prolonged  exposure  to  light. 
Consequently,  the  dried  and  finely  powdered  resinates  should 
always  be  stored  in  opaque  vessels  unless  they  are  to  be  dis¬ 
solved  in  ethereal  oil  at  once. 

PREPARING  LUSTRES  BY  THE  DRY  METHOD. 

To  prepare  lustres  by  the  dry  method,  the  usual  plan  is  to 
melt  resin  in  a  porcelain  basin  at  a  moderate  temperature  and 
with  constant  stirring,  and  then  stirring  in  the  metallic  salt 
until  the  latter  has  united  completely  with  the  resin.  Since 
the  mass  assumes  a  viscous  condition,  it  must  be  treated  with 
a  gradual  addition  of  solvent  (usually  lavender  oil),  and 
warmed  until  a  uniform  solution  is  obtained. 

The  operation  may  be  modified  by  dissolving  the  resin  at 
once  in  the  ethereal  oil  by  the  aid  of  warmth,  and  introducing 
the  metallic  salt  into  the  solution.  The  colourless  lustres, 
except  the  alumina  lustre,  which  is  always  made  by  the  wet 
process,  are  frequently  prepared  by  the  dry  method. 

Bismuth  lustres  are  prepared  by  the  dry  method,  by  taking 
10  parts  of  crystallised  bismuth  nitrate  and  75  parts  of  lavender 
oil  to  30  parts  of  resin.  The  latter  is  melted,  heated  slightly 
above  its  melting-point,  and  the  bismuth  nitrate  is  added  in 
small  portions,  the  mixture  being  energetically  stirred  after 
each.  The  mass  soon  begins  to  turn  brown,  whereupon  the 
lavender  oil  is  added  in  very  small  quantities  at  a  time.  When 
all  this  oil  is  in,  the  heating  is  stopped,  and  the  covered  vessel 
is  left  at  rest,  to  allow  the  undissolved  matters  to  settle  down. 
The  liquid  is  carefully  decanted  from  the  deposit — which  can 
be  used  in  the  next  operation — and  is  set  on  one  side,  protected 
from  dust,  until  it  has  thickened  sufficiently.  This  does  not 
take  long,  lavender  oil  belonging  to  the  class  of  ethereal  oils 
which  quickly  resinify  in  the  air. 

The  thickening  can  be  accelerated  by  the  aid  of  gentle  heat, 
preferably  in  a  shallow  basin  so  as  to  present  a  large  surface  to 
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the  air,  and  thus  facilitate  the  absorption  of  oxygen  by  the 
lavender  oil. 

The  same  lustre  can  also  he  prepared  in  the  dry  way  by 
triturating  the  finely  powdered  resin  with  the  bismuth  salt, 
also  in  a  state  of  powder,  the  mixture  being  then  melted,  and 
the  lavender  oil  added  in  small  quantities. 

Zinc  lustre  is  usually  prepared  from  zinc  acetate,  1  part  of 
this  salt  being  melted  with  2J  parts  of  resin,  and  dissolved  in 
lavender  oil,  in  the  warm. 

Lead  lustre  is  made  from  lead  acetate,  1  part  of  which  is 
melted  with  3  parts  of  resin,  and  dissolved  in  lavender  oil. 
When  price  is  a  consideration,  lead  lustre  becomes  very  im¬ 
portant,  since  it  can  be  used  in  almost  exactly  the  same  manner 
as  bismuth  lustre,  and  is  much  cheaper. 

The  colourless  lustres  can  also  be  readily  prepared  by  the 
wet  method,  by  dissolving  the  metallic  salt  in  water,  pre¬ 
cipitating  the  solution  with  resin  soap,  and  washing  and  drying 
the  precipitate.  The  dried  precipitate,  being  a  very  fine  powder, 
readily  dissolves  in  lavender  oil.  Bismuth  lustre,  however,  is 
generally  made  as  described  above,  the  nitrate  undergoing  de¬ 
composition,  with  formation  of  the  basic  salt,  when  dissolved 
in  water.  In  a  certain  sense  the  lustres  of  the  noble  metals 
also  belong  to  the  colourless  class,  the  quantity  of  the  contained 
noble  metal  being  so  small  that  its  colour  is  masked  by  the 
peculiar  light  effect  of  the  lustre.  These  lustres  are  often  used 
in  conjunction  with  colourless  lustres,  to  produce  additional 
effects. 

AYhen  a  lustre,  dissolved  in  lavender  oil,  is  applied  on  glazed 
porcelain,  there  remains,  after  the  coating  is  dry,  the  resinate  of 
the  metallic  oxide  used  ;  or,  when  a  lustre  of  a  noble  metal  is 
in  question,  the  peculiar  organic  sulphur  compound  of  the 
metal  existing  in  the  balsam  of  sulphur. 

On  firing  the  lustre,  the  resinate  is  decomposed,  leaving 
behind  the  exceedingly  finely  divided  metallic  oxide,  which 
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readily  fuses  into  the  glaze  owing  to  the  addition  of  bismuth. 
The  distribution  of  the  oxide  in  the  glaze  produces  the  peculiar 
lustre  effects,  which  cannot  be  obtained  by  any  other  means. 

When  a  coloured  lustre  is  mixed  with  one  of  a  noble  metal 
and  fired,  the  latter  is  decomposed  and  the  pure  metal  de¬ 
posited,  which,  in  conjunction  with  the  coloured  lustre,  develops 
a  new  and  often  very  beautiful  series  of  light  and  colour  effects. 

NOBLE  METAL  LUSTRES. 

The  most  beautiful  lustre  effects  can  be  produced  by  the  aid 
of  bright  gold,  associated  with  bismuth  lustre  in  suitable  pro¬ 
portions.  Since  commercial  bright  gold  is  irregular  in  com¬ 
position,  and  the  effect  of  the  gold  lustre  is  intimately  connected 
with  the  quantity  of  gold  present,  it  becomes  highly  advisable 
to  prepare  the  bright  gold  specially ;  and  when  this  is  done,  in 
accordance  with  an  invariable  formula,  a  given  quantity  of  the 
bright  gold  will  always  contain  the  same  amount  of  metal  and 
produce  the  same  effect. 

Five  parts  of  bright  gold  and  1  part  of  bismuth  lustre  fired 
together  on  the  ware  give  a  coppery  sheen ;  but  if  the  pro¬ 
portions  be  changed  to  2-3  parts  of  bismuth  lustre  to  1  of  gold, 
the  resulting  colorations  will  be  of  a  bluish-violet  shade  with  a 
peculiar  gold  sheen.  This  effect  can  be  graded  in  a  uniform 
manner  by  modifying  the  amount  of  the  bismuth  lustre. 

If  the  amount  of  the  bright  gold  be  increased,  the  blue 
passes  through  purple  into  rose  colour,  2  parts  of  bright  gold 
and  1  of  bismuth  lustre  giving  a  beautiful  rose  red.  On  the 
other  hand,  1  part  of  bright  gold  to  4  of  bismuth  lustre  will 
furnish  an  agreeable  pale  blue. 

These  colour  effects  are  apparently  due  to  the  varying 
distances  between  the  individual  gold  molecules  on  the  surface 
of  the  ware,  according  to  the  proportion  of  bright  gold  em¬ 
ployed.  This  explains  why  the  alteration  in  the  quantities 
enables  a  whole  series  of  effects  to  be  obtained. 
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These  colour  effects  can  also  he  modified  in  various  ways  by 
adding  to  the  bright  gold  and  bismuth  lustre  certain  quantities 
of  other  coloured  lustres,  such  as  those  containing  iron, 
chromium,  uranium,  etc.  By  experimenting  largely  in  this 
direction,  a  way  is  opened  to  the  ceramist  of  producing  ware 
whose  value  is  augmented  by  the  novelty  of  its  colour  and 
lustre. 

All  the  effects  here  mentioned  can  be  obtained  with  ordinary 
bright  gold,  prepared  as  already  described.  Some  makers, 
however,  claim  to  obtain  still  finer  results  with  a  balsam  of 
sulphur  prepared  from  linseed  oil.  This  balsam  is  easily  made 
by  heating  1  part  of  finely  powdered  sulphur  with  3  parts 
of  linseed  oil  until  the  frothing  of  the  mass  ceases  and  a 
quiescent  black  surface  is  observed,  the  whole  being  then 
diluted  with  oil  of  turpentine  until  the  liquid  can  be  strained 
through  a  not  too  closely  woven  cloth,  after  which  it  is  mixed 
with  a  solution  of  gold  chloride. 

It  should  be  specially  mentioned  that  finely  powdered 
sulphur — not  flowers  of  sulphur — should  alone  be  used,  the 
latter  always  containing  traces  of  sulphur  dioxide  that  exert 
an  injurious  influence.  If  nothing  but  flowers  of  sulphur  is 
available,  these  must  be  freed  from  sulphur  dioxide  by  washing 
with  water  and  subsequent  drying. 

Platinum  lustre,  which  is  frequently  used  instead  of  silver 
lustre,  on  account  of  its  unalterability  in  air,  whereas  silver  is 
soon  tarnished,  can  be  prepared  in  two  ways  :  either  by  diluting 
bright  platinum  with  lavender  oil  and  nitrobenzol  (obtainable  in 
commerce  as  “  oil  of  mirbane  ”),  or  by  dissolving  a  saturated 
solution  of  platinum  chloride  in  lavender  oil.  Except  when 
the  solution  is  too  dilute,  the  platinum  forms,  after  firing  on 
the  Avare,  a  lustrous  surface  which  completely  covers  the  under¬ 
lying  glaze. 

Silver  lustre  is  obtained  by  mixing  silver  nitrate  with 
lavender  oil,  and  firing  the  ware  in  a  reducing  atmosphere,  the 
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silver  being  reduced  to  the  metallic  state  and  forming  a  bright 
coating.  A  peculiar  sheen  can  be  imparted  to  the  silvered 
surface  by  applying  a  very  dilute  solution  of  gold. 

THE  RESINATES  OR  RESIN  SOAPS. 

The  technical  papers  frequently  contain  recipes  for  producing 
specially  fine  lustres ;  but  these  do  not  always  give  the  desired 
results.  The  following,  however,  can  be  relied  on. 

The  resin  soaps  for  this  purpose  are  prepared  in  a  somewhat 
different  manner  from  that  already  described,  caustic  soda  being 
used  in  place  of  the  carbonate. 

Five  hundred  parts  of  powdered  pine  resin  are  heated  with 
300  parts  of  caustic  soda  lye  (2  parts  of  water  to  1  of  caustic 
soda).  The  mixture  is  stirred  continually  until  all  the  resin 
has  dissolved,  a  yellow  mass  being  obtained  on  cooling.  This 
is  broken  into  small  pieces  and  washed  for  a  short  time  with 
water,  which  turns  brown  and  is  poured  away.  The  finished 
soap  is  then  dried,  and  can  be  used  at  once  for  the  preparation 
of  resinates,  according  to 'the  subjoined  formulae. 

Iron  Resinate. 

Resin  soap,  1000  parts,  and  water,  2000  parts,  are  dissolved  by 
heat,  and  an  aqueous  solution  of  350  parts  of  ferric  chloride  is 
stirred  in,  the  resulting  brown  precipitate  of  iron  resinate  being 
washed  and  dried  slowly.  All  the  other  resinates  mentioned 
below  are  prepared  in  the  same  manner. 

Uranium  Resinate. 

Resin  soap,  1000  parts,  dissolved  in  water,  2000  parts. 

Uranium  nitrate,  500  parts. 

Chromium  Resinate. 

Resin  soap,  1000  parts;  water,  2000  parts. 

Chrome  alum,  500  parts. 
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Manganese  Resinate. 

Resin  soap,  1000  parts;  water,  2000. 

Manganous  sulphate,  500. 

Copper  Resinate. 

Resin  soap,  1000  parts;  water,  2000. 

Copper  sulphate,  500  parts. 

Lead  Resinate. 

Resin  soap,  1000  parts  ;  water,  2000. 

Lead  acetate,  600  parts. 

Bismuth  Resinate. 

This  resinate,  which  cannot  be  prepared  with  resin  soap  as 
described  above,  is  obtained  by  melting  1000  parts  of  pale 
resin  (colophony)  and  mixing  with  this  300  parts  of  basic 
bismuth  nitrate.  When  the  effervescence  has  subsided  and 
the  mass  is  quiescent,  1500  parts  of  lavender  oil  (or  a  mixture 
of  this  and  nitrobenzol)  are  gradually  added,  and  the  liquid  is 
left  for  any  insoluble  matter  to  settle  down.  The  lavender  oil 
may  be  replaced  by  rosemary  oil,  or  by  a  mixture  of  lavender 
oil,  rosemary  oil,  and  oil  of  turpentine. 

To  dissolve  the  resinates  prepared  in  the  foregoing  manner, 
they  must  be  stirred  with  the  solvent,  in  the  warm,  until  com¬ 
plete  solution  has  apparently  been  obtained.  Warming  is  then 
continued,  without  stirring,  for  some  time,  to  allow  the 
insoluble  matter  to  settle  down,  after  which  the  clear  solution 
is  carefully  decanted  from  the  sediment.  Lavender  oil,  rose¬ 
mary  oil,  and  benzol  are  the  solvents  used. 

Iron  Solution. 

Iron  resinate,  1000  parts. 

Rosemary  oil,  2000  parts. 
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Uranium  Solution. 

Uranium  resinate,  1000  parts. 

Benzol,  300. 

Rosemary  oil,  2000  parts. 

Chromium  Solution. 

Chromium  resinate,  1000  parts. 

Rosemary  oil,  3000  parts. 

Manganese  Solution. 

Manganese  resinate,  1000  parts. 

Benzol,  300. 

Rosemary  oil,  2000  parts. 

Cobalt  Solution. 

Cobalt  resinate,  1000  parts. 

Rosemary  oil,  2000  parts. 

Copper  Solution. 

Copper  resinate,  1000  parts. 

Rosemary  oil,  2000  parts. 

Lead  Solution. 

Lead  resinate,  1000  parts. 

Benzol,  300. 

Rosemary  oil,  2000  parts. 

Tin  Solution. 

Thirty-hvo  parts  of  tin  salt  (stannous  chloride)  are  dissolved 
in  100  parts  of  ether,  the  solution  being  then  stirred  vigorously 
in  the  cold,  with  90  parts  of  balsam  of  sulphur,  of  the  composi¬ 
tion  given  below,  and  gently  heated  until  all  the  ether  has 
evaporated.  Stronger  heat  is  next  applied,  and  a  mixture  of 
3  parts  of  clove  oil,  1  of  nitrobenzol,  and  6  of  lavender  oil  is 
then  well  stirred  in,  enough  being  used  to  make  the  total  mass 
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up  to  340  parts.  The  solution  must  be  left  to  stand  some  time 
before  use,  to  allow  the  undissolved  matter  to  subside. 


BALSAM  OF  SULPHUR. 

Powdered  sulphur .  300  parts. 

Venice  turpentine  .  .  .  .  .  80  ,, 

Oil  of  turpentine  .  .  .  .  .  70  ,, 

This  mixture  is  heated  until  brown  fumes  begin  to  come  off, 
whereupon  a  further  150  parts  of  Venice  turpentine  and  600 
of  oil  of  turpentine  are  added,  the  heating  being  continued. 
The  cooled  mass  should  remain  clear  and  transparent,  turbidity 
indicating  that  the  sulphur  has  not  all  been  dissolved,  and 
that  the  mass  must  be  reheated  with  a  further  addition  of 
turpentine  and  oil  of  turpentine. 


RECIPES  FOR  PREPARING  LUSTRES  READY  FOR  USE. 

White  Lustre,  No.  1. 

This  consists  of  the  bismuth  resinate  solution  prepared  as 
above. 

Brilliant  Lustre,  No.  2. 

Colophony,  500  parts  ;  basic  bismuth  nitrate,  100  ;  rosemary 
oil,  500  parts. 

White  Lustre  with  Tin,  No.  3. 

Tin  solution,  1  part ;  white  lustre,  No.  1,  3  parts. 

Yellow  Lustre,  No.  4. 

Uranium  solution,  3  parts ;  white  lustre,  No.  1,  1  part. 
Yellow  Lustre,  No.  5. 

Uranium  solution,  9  parts;  lead  solution,  1,  white  lustre; 
No.  1,  2  parts. 


Lustre  Decorations  on  Porcelain 


217 


Lemon  Yellow  Lustre,  No.  6. 

Chromium  solution,  1  part;  brilliant  lustre,  No.  2,  3 
parts. 

Bronze  Lustre,  No.  7. 

Chromium  Solution,  1  part ;  lead  solution,  3  parts. 

Iron  Red  Lustre,  No.  8. 

Iron  solution,  3  parts;  white  lustre,  No.  1,  1  part. 

Yellow  Brown  Lustre,  No.  9. 

Iron  red  lustre,  No.  8,  5  parts;  yellow  lustre,  No.  4,  - 
2  parts. 

Chamois  Lustre,  No.  10. 

Iron  red  lustre,  No.  8,  3  parts;  white  lustre,  No.  1, 

1 2  parts. 

Pink  Lustre,  No.  11. 

Bright  gold,  1  part;  white  lustre,  No.  1,  5  parts. 

Purple  Lustre,  No.  12. 

Bright  gold,  1  part;  white  lustre,  No.  1,  5  parts. 

Gold  Lustre,  No.  13. 

Bright  gold,  1  part;  white  lustre,  No.  1,  3  parts. 

Yellow  Green  Lustre,  No.  14. 

Bright  gold,  1  part;  white  lustre,  No.  1,  10;  yellow  lustre, 
No.  5,  30  parts. 

Dark  Green  Lustre,  No.  15. 

Bright  gold,  1  part;  white  lustre,  No.  1,6;  yellow  lustre, 
No.  5,  12  parts. 

Blue  Lustre,  No.  16. 

Bright  gold,  2  parts;  tin  solution,  5  ;  white  lustre,  No.  1, 
20  parts. 
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Blue-Green  Lustre,  No.  17. 

Yellow  lustre,  No.  13,  2  parts;  Yellow-green  lustre,  No. 
14,  1  part. 

Steel  Green  Lustre,  No.  18. 

Pink  lustre,  No.  11,  26  parts;  iron-red  lustre,  No.  8,  26; 
gold  lustre,  No.  13,  32  parts. 

Grey  Lustre,  No.  19. 

Pink  lustre.  No.  11,  1  part;  tin  solution,  1 ;  white  lustre, 
No.  1,  4  parts. 

Grey  Lustre,  No.  20. 

Cobalt  solution,  1  part;  white  lustre,  No.  1,  3  parts. 

Grey-Brown  Lustre,  No.  21. 

Manganese  solution,  3  parts;  white  lustre,  No.  1,  1  part. 

Brown  Lustre,  No.  22. 

Iron  red  lustre,  No.  8,  9  parts;  bright  platinum,  1  ;  dark 
green  lustre,  No.  15,  1  part. 

Dark  Brown  Lustre,  No.  23. 

Iron  red  lustre,  No.  8,  5  parts ;  bright  platinum,  2  parts. 

Bronze  Lustre,  No.  24. 

Bright  gold,  1  part;  brilliant  lustre,  No.  2,  1  ;  iron  solution, 
1  part. 

Bronze  Lustre,  No.  25. 

Bright  gold,  1  part ;  manganese  solution,  1  ;  brilliant  lustre, 
No.  2,  1  part. 

Bronze  Lustre,  No.  26. 

Bright  gold,  2  parts ;  cobalt  solution,  2  ;  brilliant  lustre, 
No.  2,  1  part. 
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Bronze  Lustre,  No.  27. 

Bright  gold,  1  part;  yellow  lustre,  No.  5,  1  part. 

Bright  Silver ,  No.  28. 

Bright  gold,  1  part ;  bright  platinum,  2  parts. 

As  a  rule  the  lustres  are  thicker  than  is  necessary,  and  are 
therefore  diluted  with  lavender  oil,  as  required,  for  use. 
Should,  however,  a  lustre  be  so  thin  as  to  flow  beyond  the 
desiied  limits  when  applied  to  the  ware,  this  defect  is 
remedied  by  adding  a  sufficiency  of  a  thick  solution  of  resin  in 
lavender  oil. 

When  large  surfaces  are  to  be  coated  with  lustre,  the  latter 
must  not  be  either  thinned  down  or  thickened  during  the 
progress  of  the  work,  or  the  lustreing  will  come  out  uneven 
and  irregular. 

SPECIAL  LUSTRES. 

Apart  from  the  numerous  combinations  that  can  be  prepared 
by  mixing  the  foregoing  lustres  in  varying  proportions,  there 
are  certain  effects  that  can  only  be  obtained  by  special  means, 
notably  certain  red  lustres,  prepared  with  gold,  and  the 
so-called  cantharides  lustre. 

RED  LUSTRES. 

These,  also  known  as  ‘  Burgos  ’  lustres,  are  distinguished  by 
a  peculiar  red  sheen,  and  are  translucent.  Though  their  prepar¬ 
ation  is  stated  by  some  makers  to  be  a  secret,  they  can  be  easily 
made  by  selecting  a  gold  lustre  of  suitable  red  colour  and  mixing 
this  with  colourless  bismuth  lustre  in  suitable  proportions. 

When  the  properly  made  lustre  is  applied  to  a  colourless 
glaze,  it  merely  shows  a  red  colour,  whereas  with  a  coloured 
glaze  that  harmonises  with  the  lustre,  very  rich  and  handsome 
colour  effects  are  produced.  For  example,  a  blue  glaze,  not 
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too  deep  in  colour,  will  produce  a  peculiar  purplish  sheen, 
whilst  a  yellow  glaze  will  give  orange  tones,  etc. 

According  to  Zsigmondy’s  patent  specification,  rose  red,  deep 
red,  and  also  purple  lustres  are  obtained  by  proceeding  in  the 
following  manner : — 

Commercial  gold  sulpho-resinate  solutions,  such  as  are  used 
for  bright  gold,  are  treated  with  solutions  of  organic  compounds 
of  silica.  The  proportion  of  gold  and  silica  in  the  mixture 
depends  on  the  colour  to  be  produced,  and  ranges  between  0-7 
and  5  parts  of  silica  to  each  1  part  of  metallic  gold.  The 
lower  the  proportion  of  silica,  the  darker  will  the  shade  of  the 
colour  when  fired.  The  addition  of  white  bismuth  lustre 
imparts  a  violet  tinge,  the  colour  being  no  longer  pure  red. 

A  silicon  compound  suitable  for  this  purpose  can  be  prepared 
by  mixing  alcohol,  ethereal  oils,  or  resin  solutions  with  silicon 
chloride,  and  waiting  until  the  reaction,  which  is  accompanied 
by  the  liberation  of  hydrochloric  acid  gas,  is  complete.  The 
surplus  silicon  chloride  is  expelled  by  heat  and  is  mixed  with 
the  gold  solution  in  the  right  proportion  for  producing  the 
desired  shade  of  colour. 

Also  according  to  Zsigmondy,  ruby,  yellow-red,  and  yellowish 
rose  red  lustres  can  be  obtained  by  heating  3  parts  of  colophony 
and  30  of  sulphur  to  270°  C.,  dissolving  the  mass  in  70  parts  of 
absolute  alcohol,  and  heating  this  solution  with  one  consisting 
of  5  parts  of  silver  nitrate  and  6  parts  of  water  for  half  an  hour 
on  the  water  bath.  The  whole  is  then  poured  into  a  large 
volume  of  water,  whereupon  the  silver  sulpho-resinate  separates 
out.  This  is  dissolved  in  lavender  oil,  and  is  mixed 
immediately  before  use  with  the  '*r aforesaid  siliceous  gold 
sidpho-r esinat e  mixt  u  r e. 

CANTHARIDES  LUSTRE. 

The  wing  cases  of  numerous  beetles  exhibit  a  peculiar  gold 
lustre,  combined  with  a  blue  or  green  coloration.  This  pheno- 
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menon  is  beautifully  exemplified  by  the  rosechafer,  and  still 
more  particularly  by  the  elytrae  of  the  cantharides  beetle  or 
Spanish  fly,  Lytta  vessicatoria. 

Cantharides  lustre  is  a  yellow  lustre,  which  is  chiefly 
applied  to  blue  glaze,  in  conjunction  with  which  it  furnishes 
a  peculiar  green  metallic  sheen.  This  lustre  is  prepared  by 
applying  a  lead  glaze  with  a  small  quantity  of  bismuth  oxide 
and  pure  silver  chloride,  and  firing  it  on  the  ware  in  muffles 
containing  a  reducing  atmosphere.  Under  these  conditions  a 
portion  of  the  silver  chloride  and  of  the  lead  glaze  is  reduced, 
and  the  fired  coating  exhibits  all  the  colours  of  the 
rainbow.  To  obtain  a  fairly  uniform  coating  of  the  lustre 
it  is  essential  that  the  ingredients  should  be  evenly  applied, 
and  that  the  reduction  should  not  take  place  until  the  ware  is 
at  full  red  heat. 

A  arious  colour  effects  are  obtained  by  modifying  the 
mixed  lustres;  thus,  5  parts  of  bismuth  lustre  and  1  of 
chromium  lustre,  for  instance,  will  give  a  yellowish  sheen, 
whilst  equal  parts  of  lead  and  chromium  lustres  furnish 
orange  red. 

Suitable  admixtures  of  the  said  lustres  with  zinc,  alumina 
and  cobalt  lustres  will  give  green  and  greenish-blue  to  blue 
lustres,  according  to  the  amount  of  cobalt  lustre  employed. 

The  application  of  the  lustre  preparations  to  the  ware  entails 
a  certain  amount  of  skill  on  the  part  of  the  operator,  it  being 
necessary  to  coat  the  glaze  evenly  in  order  to  obtain  a  uniform 
result.  If  a  portion  of  the  glaze,  that  has  already  been  coated 
with  lustre  and  is  fairly  dry  be  gone  over  again,  it  will  show 
up  much  brighter  or  darker  coloured  (in  the  case  of  coloured 
lustres)  than  the  rest  when  fired. 

This  peculiarity  may  be  utilised,  in  decorating  vases  for 
instance,  by  applying  more  coatings  to  the  upper  portion  than 
the  lower  part,  so  as  to  produce  a  certain  gradation  and  cause 
the  top  portion  to  show  up  darkest  in  colour,  the  depth 
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decreasing  progressively  downward,  tlie  part  that  has  received 
only  a  single  coating  being  the  lightest. 

When  it  is  desired  to  apply  several  different  coloured  lustres, 
so  that  the  shades  shall  merge  into  one  another,  the  second 
lustre  is  applied  before  the  first  one  is  perfectly  dry,  the  two 
flowing  together  at  the  lines  of  contact  and  thus  forming 
beautifully  coloured  transition  stages.  If  the  first  lustre  he 
a  blue  and  the  second  a  yellow,  a  green  will  be  formed  at  the 
parts  in  question,  shading  off  into  blue  at  the  edges.  A  red 
lustre  topped  with  a  yellow  will  give  orange  in  the  same  way, 
and  so  on. 


CHAPTER  XII. 


Firing  Muffle  Colours. 

The  firing,  or  more  properly  fusing,  of  muffle  colours  is  per¬ 
formed  in  special  appliances  known  as  muffles.  The  object 
of  firing  the  colours  is  to  fuse  the  flux,  which  is  intimately 
incorporated  with  the  actual  colouring  matters.  At  the  same 
time,  the  flux  and  glaze  on  the  ware  fuse  together,  so  that  when 
cold  the  flux  envelops  the  colour  in  the  form  of  a  colourless 
glaze. 


THE  MUFFLE. 

Whatever  the  arrangement  of  the  muffle,  it  must  always 
fulfil  the  condition  that  the  internal  space  in  which  the  ware 
is  placed  is  shut  off  from  all  access  by  the  furnace  gases.  Apart 
from  the  fact  that  these  gases  often  contain  small  particles  of 
ash  or  unconsumed  fuel,  they  not  infrequently  consist  of  a 
gaseous  mixture  of  strongly  reducing  properties,  and  might 
therefore  entirely  change  the  colours  if  allowed  to  come  in 
contact  with  them  at  high  temperature,  thus  spoiling  a  valuable 
decoration. 

To  entirely  preclude  this  danger,  each  muffle  must  be  so 
arranged  that  it  can  be  completely  shut  up,  with  the  exception 
of  very  narrow  openings  through  which  the  expanded  hot  air 
from  within  can  escape,  and  afterwards  return  while  the  muffle 
is  cooling  down.  A  small  lateral  pipe  must  be  provided  through 
which  the  progress  of  the  firing  can  be  observed,  in  order  to 
ascertain  when  the  colour  has  been  sufficiently  fired,  the  ware 
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being  placed  in  such  a  position  tliat  tins  inspection  can  be 
made  through  the  pipe. 

It  was  formerly  the  practice  to  place  each  muffle  in  a  separate 
furnace,  and  allow  the  flame  to  surround  it  on  all  sides  except 
the  front,  this  side  being  closed  by  a  properly  fitting  cover. 
The  furnace,  with  the  enclosed  muffle,  had  to  be  left  untouched 
after  the  firing  process,  until  it  had  cooled  down  to  the  ordinary 
temperature,  since  any  sudden  cooling  might  easily  crack  the 
ware. 

Owing  to  the  waste  of  time  involved  in  using  this  class  of 
muffle  furnace,  it  has  now  been  abandoned  in  all  large  potteries, 
and  replaced  by  a  type  that  enables  the  work  to  be  carried  on 
continuously.  Apart  from  the  saving  of  time,  this  new  type 
of  muffle  furnace  offers  the  advantage  of  consuming  less  fuel 
than  the  older  form  in  which  the  whole  furnace  had  to  be 
heated  afresh  with  every  charge.  This  continuous  type  of 
muffle  furnace  will  be  more  fully  described  later  on. 

It  should,  however,  be  noted  that  every  work  is  provided 
with  a  furnace  holding  only  a  single  muffle,  so  as  to  be  able  to 
fire  single  pieces  of  special  size,  bor  instance,  expensive  porce¬ 
lain  vases,  decorated  in  colours  by  artists,  will  not  be  fired  in  a 
large  muffle  along  with  inferior  ware,  but  always  in  a  muffle  by 
themselves. 

The  simplest  arrangement  of  a  muffle  and  its  furnace  is 
shown  in  Fig.  19.  The  muffle  M  has  the  shape  of  a  round 
topped  box,  and  is  made  of  fireclay.  It  is  placed  in  a  furnace 
0,  so  arranged  that  the  furnace  gases  ascending  from  the  grate 
R  can  surround  the  muffle  on  all  sides,  and  heat  it  to  a  uniform 
white  heat  all  over.  A  fireclay  plate  P,  mounted  in  front  of 
the  muffle,  enables  the  pieces  to  be  fired  to  be  easily  inserted 
and  withdrawn.  Each  muffle  is  also  provided  with  a  plate  of 
the  proper  shape  for  closing  the  front  end. 

For  tall,  slender  vases  and  other  ware  whose  height  consider¬ 
ably  exceeds  the  diameter,  muffles  of  corresponding  shape  must 
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be  used,  and  these  must  be  mounted  in  furnaces  of  suitable 
dimensions.  It  being  difficult  to  make  such  muffles  in  a  single 
[>iece,  they  are  always  built  up  of  a  number  of  smaller  plates, 
as  will  be  described  later  on. 

It  should  be  noted  that  muffles  arranged  as  mentioned 
above  aie  rarely  used  in  large  works  for  firing  a  number  of 
pieces  at  a  time,  though  they  are  well  adapted  for  treating 
.small  pieces  requiring  special  care  in  firing.  The  most  usual 


Fig.  19. 


form  of  muffle  for  firing  muffle  colours  on  porcelain  differs 
somewhat  in  arrangement  from  that  already  described. 
The  disposition  of  the  ordinary  muffle  for  firing  porcelain 
colours  can  be  seen  from  Figs.  20  and  21. 

In  Fig.  20,  the  muffle  M  is  made  of  stout  sheet  brass, 
mounted  in  a  clay  lined  iron  casing,  and  so  small  that  only  L 
small  plate  or  a  few  coffee  cups  can  be  fired  at  a  time.  As 
shown  in  the  drawing,  the  muffle  is  fitted  for  heating  by  two 
or  more  spirit  lamps. 
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The  muffle  shown  in  Fig.  21  is  intended  for  use  in  large 
works.  Here,  again,  the  muffle  M  is  a  prismatic  fireclay  box, 
made  in  one  piece,  and  left  open  at  the  front  end  for  the  intro¬ 
duction  of  the  ware,  a  fireclay  coverplate  being  inserted  in  the 
opening  when  the  muffle  has  been  charged.  In  the  middle 
of  the  plate  is  a  horizontal  tube,  for  inspecting  the  progress 


of  the  ware  in  course  of  being  fired,  which  tube  is  closed  with 
a  cap  of  sheet  metal,  except  when  the  inspection  is  being 
made,  at  which  time  the  cap  is  replaced  by  a  ring  enclosing 
a  piece  of  glass  or  colourless  mica  to  protect  the  eye  from 
the  hot  gases  flowing  out  of  the  muffle.  On  the  top  of  the 
dome  at  E  is  mounted  a  narrow  tube,  to  allow  the  expanded  hot 
air  to  escape,  and  also  to  conduct  away  the  vapours  liberated  by 
the  volatile  oils  used  in  applying  the  colours. 
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The  arrangement  of  the  furnace  itself  is  a  very  simple  one. 
The  muffle  is  inserted  in  such  a  way  that  it  is  supported  by 
three  or  more  arches,  c,  d,  e ;  and  the  side  walls  of  the  fur¬ 
nace  are  so  close  to  the  muffle  that  the  latter  is  always  laved 
by  the  furnace  gases.  In  Fig.  21  the  firing  is  arranged  so 
that  fuel  is  introduced  at  the  side  next  the  open  end  of 
the  muffle. 

As  will  be  easily  imagined,  however,  it  is  preferable  to 
provide  the  opening  for  the  fuel  on  the  opposite  side,  i.e.,  that 
next  the  rear  end  of  the  muffle,  this  preventing  the  access  of 
smoke,  coal-dust,  etc.,  into  the  muffle  itself. 

Though  muffles  of  unglazed  fireclay  can  be  used,  it  is  some¬ 
times  advisable  to  glaze  them  inside,  to  make  them  gas-tight 
and  more  durable.  For  this  purpose  it  is  usual  to  employ  a 
far  more  refractory  glaze  than  the  colours  to  be  fired  in  the 
muffle;  which  glaze  must  be  fused  before  the  muffle  is 
employed. 

This  is  ell ec ted  by  heating  the  muffle  very  gradually  to  redness, 
then  raising  it  to  a  temperature  sufficient  to  flow  the  glaze,  after 
which  the  furnace  is  allowed  to  cool  down,  this  being  necessary 
to  lessen  the  risk  of  the  muffle  cracking  the  first  time  it  is 
used. 

Sooner  or  later,  however,  all  muffles  will  crack  at  the  sides ; 
and  every  endeavour  must  be  made  to  repair  them  as  effectually 
as  possible,  to  avoid  having  to  discard  the  muffle  as  useless  and 
replace  it  by  a  new  one.  In  doing  this  it  is  not  advisable  to 
merely  stop  the  cracks  with  fireclay,  since  this  will  shrink  and 
leave  the  muffle  leaky  again.  The  better  plan  is  to  paint  the 
cracks  over  with  the  same  glaze  as  used  inside  the  muffle,  and  to 
mix  about  5  per  cent,  of  this  glaze  with  the  fireclay  with  which 
the  cracks  are  repaired.  The  next  time  the  muffle  is  strongly 
heated,  this  glaze  will  fuse  and  stop  up  the  cracks  completely. 

When,  finally,  the  muffle  is  worn  to  such  an  extent  that  it 
does  not  seem  capable  of  being  repaired  any  more,  it  must  be 
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replaced  by  a  new  one — a  somewhat  expensive  matter,  and  also 
entailing  the  removal  of  the  whole  front  of  the  furnace. 

For  this  reason  it  is  preferable  not  to  make  the  muffle  all  in 
one  piece,  but  to  build  it  up  of  a  number  of  small  hollow 
fireclay  plates  carefully  cemented  together  with  fireclay  mortar 
so  as  to  make  the  joints  as  tight  as  possible.  When  finished, 
the  entire  inner  surface  of  the  muffle,  especially  at  the  joints, 
is  thickly  coated  with  glaze,  which  is  then  fused. 

When  a  muffle  of  this  kind  gets  damaged,  the  injury  is 
usually  confined  to  individual  plates,  which  are  then  broken 
out  and  replaced  by  new  ones,  which  are  afterwards  glazed. 

So  far  as  the  heating  of  the  muffle  is  concerned,  a  very 
practical  arrangement  has  been  adopted  of  completely  separating 
the  furnace  fire  from  the  muffle,  the  gases  being  conducted 
through  flues  so  as  to  surround  the  muffle  and  then  pass  away 
through  a  conduit  underneath  the  latter  to  a  chimney  of 
sufficient  height  to  create  the  necessary  draught. 

In  charging  the  muffle  with  ware,  the  whole  of  the  internal 
space  should  be  utilised  as  completely  as  possible.  Consequently 
the  bottom  of  the  muffle  should  be  covered  with  pieces  of  equal 
height,  between  which  are  set  fireclay  supports  for  upholding 
fireclay  plates  to  carry  smaller  pieces. 

When  the  muffle  has  been  charged  and  the  front  plate  set  in 
position,  the  firing  is  commenced.  At  first  the  heat  is  applied 
gently,  in  order  to  warm  the  muffle  and  charge  right  through ; 
but  as  soon  as  this  condition  is  reached,  the  heat  is  increased  to 
a  temperature  sufficient  to  fuse  the  flux  in  the  colours.  When 
inspection  through  the  peephole  has  shown  that  the  colours  are 
properly  fired,  the  fire  is  either  put  out  or  drawn,  and  the 
muffle  left  to  cool. 

Owing  to  the  constant  liability  of  the  muffle  to  crack  and 
admit  the  furnace  gases,  firing  in  ordinary  muffles  is  always  a 
matter  of  chance,  and  it  is  therefore  better  to  minimise  this 
risk  by  doing  away  with  direct  fire  heat  and  using  the  furnace 
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gases  from  a  regenerator,  connected  with  several  muffles  by 
lines  and  dampers.  If  three  muffles,  for  instance,  are  mounted 
together,  the  gases  are  first  passed  under  the  first  muffle  until 
this  is  sufficiently  heated,  the  waste  gases  (still  very  hot)  being 
led  under  the  second  and  third  muffles  so  as  to  warm  their 
contents.  As  soon  as  the  finishing  heat  in  the  first  muffle  is 
attained,  the  damper  is  closed,  and  the  gases  admitted  under 
the  second  muffle  direct.  The  third  muffle  is  treated  in  the 
same  way ;  and  when  this  is  heated  to  the  proper  temperature, 
the  gases  are  led  under  the  first  muffle  of  a  second  set,  and 
so  on. 

Within  a  short  time,  the  first  of  the  muffles  will  have  cooled 
down  enough  for  the  front  plate  to  be  removed  and  the  ware 
taken  out ;  this  being  also  the  case  with  the  second  and  third 
muffles  in  turn.  When  all  three  have  been  emptied  and 
refilled  with  fresh  charges  of  ware,  the  firing  can  be  recom¬ 
menced  in  the  same  way  as  before;  and  in  this  way  the  work 
can  be  carried  on  continuously,  thus  reducing  the  consumption 
of  fuel  to  a  minimum. 


DRAUGHT  MUFFLES. 

When  inferior  ware  and  small  pieces  (coffee  cups,  dolls’ 
heads,  pipes,  etc.)  have  to  be  fired,  use  is  frequently  made  of 
draught  muffles,  which  are  also  arranged  to  ensure  continuous 
working.  The  arrangement  is  as  follows :  the  muffle  is  open 
in  front  and  is  surmounted  by  a  second  muffle  open  at  both 
ends.  The  furnace  gases  pass  round  the  bottom  muffle  first, 
and  then  the  upper  one,  from  which  they  pass  into  a  long  flue, 
which  has  also  double  walls,  so  that  its  interior  has  the  same 
section  as  the  muffle,  and  this  is  heated  by  the  surrounding 
furnace  gases.  This  heating  is  greatest  immediately  under 
the  upper  muffle,  and  gradually  diminishes  rearward,  so  that 
the  portions  of  the  fine  farthest  away  from  the  muffle  are 
heated  the  least. 
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The  ware  to  be  tired  is  supported  by  iron  plates  with  slightly 
turned-up  edges.  Porcelain  pipes,  and  other  pieces,  that 
cannot  be  supported  in  this  way,  are  mounted  on  iron  studs 
projecting  from  the  plates. 

A  plate  laden  with  ware  is  inserted  at  the  back  of  the  flue, 
and  after  a  certain  time  is  followed  by  a  second  one,  which 
pushes  the  first  one  forward.  This  is  repeated,  the  first  plate 
thus  constantly  advancing  into  a  hotter  portion  of  the  fiue  until 
it  finally  reaches  the  upper,  glowing  muffle,  which  serves  as 
a  preliminary  heater. 

At  this  stage  the  plate  is  gripped  by  a  pair  of  tongs  and 
transferred  from  the  upper  to  the  lower  muffle,  where  the 
firing  of  the  ware  is  accomplished.  Owing  to  the  high 
temperature  already  attained,  the  actual  firing  takes  only  a 
very  short  time :  and  as  soon  as  it  is  over,  the  plates  are  taken 
out  of  the  muffle  and  set  on  one  side,  the  next  plate  in  the 
series  being  transferred  to  the  finishing  muffle,  and  the  work 
carried  on  continuously  in  this  manner  as  long  as  desired. 

At  the  very  high  temperature  at  which  the  ware  leaves  the 
muffle,  it  is  very  liable  to  crack  by  sudden  cooling;  and  it  is 
therefore  advisable  to  place  the  loaded  plates  in  a  conduit 
arranged  in  exactly  the  same  way  as  the  one  for  heating  the 
ware  but  in  reversed  order,  the  part  next  the  muffle  being  the 
hottest,  and  those  more  remote  progressively  cooler.  In  this 
way  the  ware  is  gradually  cooled  to  such  an  extent  that  on  being 
withdrawn  at  the  farther  end,  there  is  no  risk  of  it  cracking. 

Instead  of  employing  two  conduits,  one  for  introducing  the 
ware  to,  and  the  other  for  withdrawing  it  from,  the  muffle,  the 
whole  series  of  operations  may  be  performed  in  a  single  conduit 
or  tunnel. 


TUNNEL  MUFFLE  FURNACES. 

These  furnaces  derive  their  name  from  their  resemblance 
to  a  tunnel,  the  fireclay  pipes  composing  the  conduit  having 


Firing  Muffle  Colours 


231 


a  similar  section.  The  fireplace  is  at  the  central  portion  of  the 
tunnel,  and  the  furnace  gases  produced  therein  are  conducted 
round  the  latter  in  both  directions. 

When  the  plates  or  trays  charged  with  ware  to  be  fired  are 
introduced  at  the  one  end  of  the  tunnel,  they  are  pushed 
forward  by  the  succeeding  trays,  and  finally  arrive  at  the 
hottest  central  portion  of  the  tunnel.  Here  they  remain  until 
the  firing  is  completed,  and  are  then  pushed  forward  again,  in 
the  same  manner  as  before,  through  successively  cooler  portions 
of  the  tunnel,  and  on  issuing  at  the  farther  end  are  cool 
enough  to  preclude  risk  of  cracking  the  ware. 

The  hottest  portion  of  the  tunnel  may  be  provided  with 
a  couple  of  peepholes  covered  with  colourless  mica  plates,  to 
enable  the  appearance  of  the  fired  ware  to  be  observed,  and 
to  ascertain  how  long  it  is  necessary  for  the  ware  to  remain 
there  before  it  can  be  regarded  as  finished.  With  a  little 
experience,  this  inspection  becomes  superfluous,  and  the  forward 
movement  of  the  trays  is  effected  at  predetermined  intervals. 

A  number  of  methods  and  appliances  for  shortening  the 
length  of  the  tunnel,  which  is  considerable,  have  been  pro¬ 
posed.  In  one  instance  the  length  has  been  reduced  one  half, 
by  making  the  tunnel  wider  and  dividing  it  into  feed  and 
return  portions  by  a  thin  longitudinal  partition,  the  actual 
muffle  being  at  one  end  of  the  double  tunnel  and  of  the  same 
width  as  the  latter. 

In  working  with  this  modification,  the  iron  crates  containing 
the  charges  of  ware  are  inserted  successively  into  the  feed 
tunnel,  the  ware  becoming  progressively  hotter  as  they 
advance  toward  the  muffle.  When  the  first  crate  reaches 
the  muffle,  it  is  left  there  until  the  glaze  has  melted  on  the 
ware,  and  is  then  pushed  aside  into  position  for  entering  the 
return  tunnel.  Through  this  it  is  moved'  forward  by  the 
succeeding  crates  until  it  issues  from  the  mouth  of  the  tunnel 
and  is  taken  away. 
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^  ai'i°us  means  have  been  proposed  for  obviating  the  difficulty 
experienced  in  pushing  the  heavy  crates  over  the  floor  of  the 
tunnel,  the  simplest  being  to  lay  a  rail  track  on  the  bottom  of 
each  tunnel  and  mount  the  crates  on  wheels.  This  enables 
the  crates  to  be  moved  with  a  minimum  of  friction  and  motive 
jro  wer. 

When,  as  in  the  present  instance,  the  two  tunnels  are  side 
by  side,  a  pair  of  small  turn-tables  must  be  provided  in  the 
muffle,  to  enable  the  crates  to  be  transferred  from  one  rail 
track  to  the  other. 

The  feed  tunnel  may  also  be  given  a  slight  downward  slant, 
so  that  the  crate  trucks  run  forward  to  the  muffle  by  gravita¬ 
tion,  and  are  retained  there  by  a  simple  brake  mechanism. 
Similarly,  the  return  tunnel  has  also  a  slight  gradient,  but  in 
the  opposite  direction,  so  that  the  trucks  tend  to  run  out  of 
their  own  accord. 

When  the  crates  are  mounted  on  wheel  trucks  with  a  certain 
amount  of  play  to  the  wheels,  and  both  feed  and  return  tunnels 
aie  laid  with  lail  tracks,  the  whole  installation  can  be  arranged 
in  the  form  of  an  incomplete  ring,  with  the  fireplace  in  the 
centre  of  the  arc.  In  such  case  the  crates  of  ware,  after 
getting  hotter  and  hotter  and  being  fired  in  the  muffle,  then 
become  progressively  cooler  in  the  cooling  tunnel,  and  issue 
from  the  latter  close  to  the  original  point  of  entry. 

It  is  always  advisable  to  have  both  tunnels  fairly  long, 
owing  to  the  more  gradual  heating  and  cooling  than  is  possible 
with  shorter  tunnels,  and  the  resulting  increased  security 
against  cracking.  In  this  connection  earthenware  is  more 
susceptible  to  damage  than  porcelain,  and  with  short  tunnels 
the  peicentage  of  loss  by  cracking  is  considerable,  whereas 
with  long  tunnels  it  is  inappreciable  even  in  the  case  of  common 
ware. 

Where  long  tunnels  are  used  it  is  important  that  the  furnace 
gases  should  flow  round  the  tunnels  with  the  requisite  velocity, 
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the  muffle  being  provided  with  a  powerful  draught  for  that 
purpose.  The  heat  that  would  otherwise  be  wasted  owing  to 
the  rapid  flow  of  the  gases,  is  utilised  by  passing  the  gases 
through  a  system  of  heating  pipes  in  the  drying  room  on 
their  way  to  the  chimney-stack,  thus  preventing  a  waste  of 
fuel. 


MUFFLE  FURNACES  FOR  SPECIAL  PURPOSES. 

dor  certain  purposes  it  is  desirable  to  modify  the  arrange¬ 
ment  of  the  muffle  accordingly,  more  particularly  Avhen  portions 
of  partially  finished  ware  have  to  he  decorated  with  another 
colour  or  with  metal,  or  when  small  articles  not  made  on  a 
large  scale  are  to  be  fired.  Some  photographers  make  the 
production  of  indestructible  photographs  on  porcelain  a  part  of 
their  business,  and  these,  of  course,  are  only  made  in  a  small 
number  of  pieces  at  a  time,  so  that  specially  arranged  small 
muffles,  usually  heated  with  gas  or  by  methylated  spirit,  are 
required  (see  Fig.  20). 

Fig.  22  illustrates  a  furnace  arranged  for  heating  by  gas 
on  the  Fletcher  system.  Coal-gas  is  supplied  through  a  large 
pipe  in  the  lower  part  of  the  furnace,  and,  becoming  mixed 
with  air  during  its  ascent,  burns  with  a  blue  flame  surrounding 
the  muffle  M  when  lighted.  These  gas  muffles  get  so  hot 
that  the  firing  of  the  ware  takes  only  a  very  short  time.  This 
is  especially  the  case  when  the  muffle  is  once  hot,  a  large 
number  of  small  articles  being  then  handled  very  quickly. 

These  small  gas  muffles  are  also  very  suitable  for  touching 
up  finished  ware,  the  defective  colours  or  glaze  being  removed 
in  the  sand-blast  machine  and  made  good  by  a  fresh  application, 
which  is  then  fired  in  the  gas  muffle.  In  this  way  it  is  possible 
for  ware  that  has  entailed  a  great  deal  of  labour  to  be  saved 
from  relegation  to  the  class  of  outshots,  as  the  consequence  of 
some  slight  defect,  and  restore  it  to  good  condition. 

There  is  of  late  a  growing  tendency  to  apply  gas  heating  to 
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large  muffle  furnaces  as  well,  the  gas  being  produced  in  a  special 
generator. 


THE  APPLICATION  OF  GAS  FIRING  IN  CERAMICS 

The  numerous  inconveniencies  attending  the  application  of 
direct  lire  heat  in  the  production  of  ceramic  ware — more 
especially  fine  ware,  such  as  porcelain  or  faience — are  only  too 
well  known  to  all  ceramists.  It  may  be  asserted  with  all  con¬ 
fidence  that  a  very  large  proportion  of  the  wasters  found  on 
inspecting  the  finished  ware  is  due  to  this  method  of  firing. 

Two  circumstances  in  particular  have  to  he  considered  in  this 
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connection.  One  is  the  great  difficulty  experienced,  despite  all 
precautions,  in  excluding  ash  and  coal  dust  from  the  furnace  gases. 
Although  all  fine  ware  is  protected  in  the  kiln  by  being  enclosed 
in  saggers,  the  dust  cannot  be  entirely  kept  out  of  these  coverings 
in  the  event  of  their  cracking  or  becoming  imperfectly  closed. 

Since  the  ash  of  fuel  always  contains  particles  of  ferric  oxide, 
both  biscuit  and  glazed  ware  are  liable  to  become  spotted  in  the 
kiln,  and  reduced  in  consequence  to  a  lower  grade  or  to  the 
condition  of  wasters. 

Almost  equally  injurious  is  the  presence  of  reducing  gases, 
which  becomes  specially  manifest  when  colours  are  being  fired 
on  the  ware.  It  has  already  been  pointed  out  that  a  large 
number  of  the  ceramic  colours  contain  metallic  compounds  that 
undergo  considerable  alteration  by  the  action  of  reducing 
substances,  the  colours  being  either  of  a  different  shade  to 
that  desired  or  quite  another  colour  altogether. 

Now,  since  the  firing  process  is  the  final  link  in  the  long 
chain  of  operations  leading  from  the  raw  clay  to  the  finished 
ware,  the  losses  caused  to  the  manufacturer  are  very  severe 
when  the  colour  is  spoiled  in  firing,  comprising,  as  they  do,  not 
only  the  loss  of  the  valuable  material,  but  also  the  waste  of 
expensive  labour  bestowed  in  making  the  spoiled  ware. 

Attempts  have  been  made  to  counteract  the  appearance  of 
these  reducing  gases  by  the  introduction  of  an  increased  supply  of 
air  beyond  that  necessary  for  the  complete  combustion  of  the 
fuel.  But,  without  affording  a  perfect  remedy,  this  method 
leads  to  an  increased  consumption  of  fuel,  owing  to  the  large 
amount  of  nitrogen  (i-ths)  present  in  the  air  and  having  to  be 
heated  with  it,  the  rapid  velocity  of  the  escaping  gases  also 
preventing  the  complete  utilisation  of  the  contained  heat  for  the 
purpose  in  view,  namely,  the  firing  of  the  ware,  glaze  or  colour. 

A  measurement  of  the  temperature  of  the  gases  escaping  into 
the  chimney-stack  will  afford  convincing  proof  that  the  greater 
part  of  the  heat  generated  in  the  furnace  is  being  wasted. 
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The  hirst  endeavour  to  remedy  this  unpleasant  state  of  things 
was  made  early  in  the  nineteenth  century,  hut  quite  fifty 
years’  labour  was  required  to  bring  it  to  perfection.  The  first 
instigation  to  these  researches  was  on  the  part  of  makers  of 
wrought  and  cast  iron  and  steel,  in  order  to  utilise  for  heating 
purposes  the  enormous  quantities  of  heat  wasted  in  the  blast 
furnace.  After  long  and  careful  experiment  very  successful 
results  were  obtained,  and  these  attracted  the  attention  of  all 
concerned  with  methods  of  heating.  The  idea  involved  was 
to  construct  furnaces  capable  of  consuming  poor  fuel,  like 
inferior  lignite  and  coal-dust,  so  completely  that  the  furnace 
gases  should  contain  no  combustible  ingredients,  and  therefore 
no  reducing  substances,  the  gases  at  the  same  time  being 
entirely  free  from  dust.  The  object  in  view,  therefore,  was  the 
production  of  completely  consumed  glowing  gases. 

The  final  results  of  these  experiments  are  embodied  in  the 
installations  grouped  under  the  name  “  generator  furnaces,”  or 
“gas  generators.”  A  description  of  this  class  of  plant  is  beyond 
the  scope  of  the  present  work  ;  and  readers  desiring  informa¬ 
tion  on  the  matter  are  referred  to  the  numerous  technical  works 
dealing  with  the  subject,  all  that  we  can  do  here  being  to 
summarise  the  principle  on  which  these  generators  are  con¬ 
structed. 

The  fuel  used — which,  as  already  mentioned,  may  be  very 
inferior  coal — is  burned  in  a  shaft  furnace,  the  combustion 
proceeding  from  below  upward,  so  that  the  products  have  to 
ascend  through  an  overlying  layer  of  the  fuel,  which  is  subjected 
to  a  process  of  dry  distillation  by  their  heat,  i.e.  disengages 
combustible  gases  and  vapours.  The  shaft  furnace  is  tightly 
closed  at  the  top,  and  is  fitted  with  a  charging  device  through 
which  the  fuel  can  be  introduced  without  admitting  air. 

The  combustible  gases  and  vapours  are  supplied,  by  means  of 
special  devices,  with  just  sufficient  air  to  support  their  complete 
combustion.  Theoretically,  the  glowing  gases  will  then  contain 
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only  carbon  dioxide,  water  vapour,  and  nitrogen,  and  the 
temperature  of  the  current  of  gas  is  at  its  highest  possible 
point.  The  gases  are  then  conveyed  through  suitable  pipes  or 
Hues,  to  the  places  where  their  contained  heat  is  to  be  utilised 
for  smelting  metals,  firing  ware,  etc. 

A  further  advance  has  been  made  by  connecting  the  generator 
furnace  with  a  contrivance  for  storing  up  the  contained  heat  of 
the  gases  to  a  certain  extent,  and  enabling  this  heat  to  be 
drawn  upon  when  required.  These  heat  accumulators  consist 
principally  of  chambers  with  very  thick  walls,  which  retard  the 
radiation  of  the  heat  as  much  as  possible,  the  internal  space 
being  filled  with  chequerwork  so  as  to  compel  the  gases  to  take 
the  longest  possible  course  on  their  way  to  the  stack,  meanwhile 
parting  with  their  heat  to  the  chequerwork,  which  is  thereby 
raised  to  a  very  high  temperature. 

The  time  required  for  the  accumulator  to  be  heated  to  its 
fullest  capacity  depends  on  the  size  of  the  furnace  and  of  the 
chamber,  and  must  be  ascertained  in  each  case  by  experiment. 
If,  when  this  point  is  reached,  the  supply  of  furnace  gas  is  cut 
off,  a  current  of  air  can  be  passed  through  the  accumulator, 
and  absorbs  heat  from  the  brickwork,  thus  becoming  converted 
into  a  source  of  heat  itself.  After  a  certain  time,  however, 
the  brickwork  will  be  cooled  down  below  the  requisite  tempera¬ 
ture,  whereupon  the  air  supply  must  be  cut  off  and  the  chamber 
heated  up  again  as  before. 

To  prevent  the  loss  of  time  entailed  by  this  interruption  of 
the  process,  the  accumulator  must  be  duplicated,  so  as  to  work 
continuously,  one  chamber  being  heated  whilst  the  other  is  being- 
used  for  heating  the  air  current,  each  chamber  thus  serving  in  turn. 

By  the  provision  of  suitable  conduits  and  valves,  the 
diversion  of  the  currents  of  gas  and  air  between  the  accumulators 
can  be  effected  almost  instantaneously,  the  process  working 
uninterruptedly  as  long  as  the  furnace  is  in  operation.  In 
large  plants  several  of  these  furnaces  can  be  provided. 
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There  will  be  no  difficulty  in  realising  the  enormous  ad¬ 
vantages  that  can  be  derived  from  the  application  of  this 
system  of  heating  in  all  industries  requiring  the  use  of  high 
temperatures,  more  especially  in  ceramic  works,  since  it  furnishes 
a  current  of  gas  of  any  desired  strength  and  temperature, 
perfectly  free  from  ash  and  any  admixture  of  reducing  sub¬ 
stances  (the  combustion  of  the  gases  being  complete).  To  raise 
or  lower  the  temperature  of  the  space  in  which  the  gases  are  to 
part  with  their  heat,  all  that  is  necessary  is  to  regulate  the 
damper  controlling  the  flow  of  gas. 

In  installing  a  ceramic  works  for  gas  firing,  the  arrangement 
of  the  various  details  of  construction  is  to  some  extent  self- 
evident,  the  chambers,  for  instance,  in  which  the  highest 
temperatures  are  to  be  produced,  being  necessarily  placed  as 
near  as  possible  to  the  heat  accumulator.  The  gases  issuing 
from  these  chambers  must  be  conducted  direct  into  those 
requiring  a  somewhat  lower,  but  still  high,  temperature,  such 
as  for  fusing  glazes.  By  passing  the  hot  gases  gradually  from 
chamber  to  chamber  they  part  with  their  heat  by  degrees,  and  can 
finally  be  utilised  for  heating  the  drying-rooms  for  the  green  ware, 
materials,  etc.,  before  escaping  into  the  stack.  The  fuel,  or  the 
heat  furnished  thereby,  is  thus  completely  utilised  to  an  extent 
impossible  by  any  other  system,  and  gas  firing  must  therefore 
be  regarded  as  the  most  economical  of  known  methods. 

We  have  now  briefly  sketched  the  advantages  resulting  from 
gas  firing  in  general,  and  for  the  ceramist  in  particular.  They 
are  so  clearly  apparent  that  one  may  rightly  claim  that  no 
ceramic  works  can  be  considered  as  up  to  date  unless  equipped 
with  gas-firing  plant.  So  great,  indeed,  are  the  benefits  derived 
from  the  system  that  the  high  prime  cost  of  the  installation  is 
soon  recouped  and  the  investment  repaid  with  interest. 


CHAPTER  XIII. 


The  Imitation  op  Paintings  on  Porcelain. 
XTENSIVE  use  has  latterly  been  made  of  a  special  pro- 


cess  for  imparting  to  ceramic  ware  the  appearance  of 
painted  porcelain  (including  decoration  with  metals),  since  it 
enables  articles  barely  distinguishable  from  the  finest  painted 
porcelain,  to  be  produced  at  comparatively  cheap  prices. 


SIDEROLITH, 


The  ware  obtained  by  this  process  is  known  as  “siderolitli  ” 
(meaning  ironstone)  or  “  terra! ith  ”  (earth  stone).  The  body 
of  the  ware  consists  of  any  white  or  coloured  clay  that  has 
been  properly  prepared  and  possesses  a  high  degree  of 
plasticity.  According  to  the  amount  of  iron  in  the  clay,  the 
biscuit  ware  is  more  or  less  red  or  yellow  in  colour;  and 
being  porous  it  will  adhere  firmly  to  the  tongue. 

The  glazes  and  colours  applied  to  this  ware,  however,  are 
ordinary  oil  paints,  applied  with  the  brush  or  by  means  of 
transfers. 

The  making  of  the  ware  proceeds  on  exactly  the  same  lines 
as  for  fine  porcelain,  the  pieces  being  usually  cast  in  plaster 
moulds,  and  carefully  dried  at  a  moderate  temperature,  this 
being  the  best  way  to  prevent  loss  by  distortion.  The  properly 
dried  ware  is  then  fired  at  moderate  kiln  heat  and  handed 
over  to  the  painter.  Ordinary  oil  colours  are  employed  for 
this  class  of  ware;  and  as  the  finished  pieces  are  not  sub- 
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jected  to  any  high  temperature,  organic  colouring  matters  can 
be  used. 

The  colours  are  prepared  by  triturating  the  finely  powdered 
pigments  with  oil  of  turpentine,  and  adding  enough  finest 
amber  varnish  or  copal  oil  varnish  to  make  the  colour  work¬ 
able,  and  furnish,  when  applied  with  the  brush  and  dried,  a 
uniform,  lustrous  coating  that  will  retain  its  beauty  for  a  con¬ 
siderable  time  without  losing  its  fine  gloss.  Should  the  glass 
fade  in  a  short  time,  it  will  be  certain  to  disappear  entirely  in 
a  few  months.  This  defect  is  due  to  the  varnish  in  the  colour 
drying  too  quickly  and  shrinking,  thus  forming  a  number  of 
extremely  fine  cracks  in  the  colour.  These  cracks,  though 
invisible  to  the  unaided  eye,  destroy  the  cohesion  of  the  colour 
so  that  it  no  longer  reflects  light  uniformly,  and  therefore  has 
a  matt  appearance. 

One  of  the  causes  operating  in  this  phenomenon  is  the  use 
of  too  high  a  temperature  in  drying  the  painted  ware,  the 
varnish  not  having  sufficient  time  to  contract  gradually ; 
whilst  on  the  other  hand  the  nature  of  the  varnish  itself  may 
cause  the  layer  of  colour  to  crack. 

Oil  varnish  deficient  in  oil  shrinks  irregularly  in  drying, 
and  therefore  easily  cracks.  This  defect  can  be  remedied  by 
adding  more  boiled  oil  to  the  copal  or  amber  varnish,  or 
adding  a  small  quantity  of  a  soft-resin  varnish,  such  as 
dammer  varnish,  or  a  very  little  castor-oil. 

The  interior  of  vases,  jugs,  etc.,  and  the  under  side  of 
dishes  or  plates  will  usually  be  coated  with  a  uniform  layer 
of  colour.  Zinc  white  is  preferably  used  for  white,  chrome 
green  for  green,  and  so  forth ;  but  owing  to  the  difficulties 
thrown  in  the  way  of  obtaining  a  uniform  coating  by  the 
porosity  of  the  ware,  the  biscuit  surface  must  first  be  coated 
with  varnish. 

The  material  used  in  this  operation  is  a  quick-drying  linseed 
varnish,  prepared  without  the  aid  of  lead  compounds,  owing  to 
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their  tendency  to  darken  in  colour  after  a  time  and  thus 
impair  the  gloss  of  the  colours. 

This  defect  is  absent  in  varnishes  made  with  the  aid  of  zinc 
or  manganese  compounds,  and  consequently  these  varnishes 
should  he  exclusively  used  for  the  purpose  now  in  question. 

The  painting  of  the  ware  must  not  he  commenced  until  the 
varnish  is  perfectly  dry,  and  no  longer  feels  tacky  to  the 
finger. 

Owing  to  the  low  price  of  siderolith  ware,  hand-painting 
is  rarely  practised,  being  usually  replaced  by  nietachromotype 
transfers. 

These  are  applied  by  moistening  with  oil  of  turpentine  the 
side  to  be  placed  in  contact  with  the  ware,  and  then  pressing 
it  on  to  the  surface  of  the  latter.  The  oil  of  turpentine 
softens  the  layer  of  varnish  sufficiently  to  cause  the  transfer 
to  stick.  After  the  oil  of  turpentine  has  evaporated,  the 
cover  paper  is  moistened  with  water  until  it  has  softened 
enough  to  he  easily  drawn  off. 

Before  the  transfer  designs  are  applied,  however,  it  is 
necessary  to  conceal  the  colour  of  the  clay  body  entirely  under 
a  layer  of  coloured  paint.  By  using  zinc  white  for  this 
purpose,  the  ware  acquires  the  appearance  of  glazed  white 
porcelain.  The  white  can  also  be  toned  to  ivory  by  a  suitable 
admixture  of  yellow  colouring  matter ;  and  the  appearance  of 
a  coloured  glaze  can  be  imitated  by  using  suitable  colours. 

The  best  way  of  drying  the  decorated  ware  is  at  ordinary 
temperature,  the  pieces  being  set  up  in  a  room  free  from  dust, 
and  left  there  until  the  colours  have  become  so  hard  that  they 
cannot  be  removed  except  by  scraping  with  a  cutting  tool. 
Owing  to  the  time  occupied  by  this  method  of  drying,  how¬ 
ever,  some  makers  prefer  to  shorten  the  process  by  the  use  of 
artificial  heat,  generally  in  separate  muffles.  These  must  on 
no  account  be  glowing,  but  merely  hot.  If  the  muffle 
temperature  is  too  high,  the  residual  traces  of  ethereal  oil  in 
16 
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the  colours  will  vaporise  so  rapidly  as  to  form  air-bells  and 
cause  the  colour  to  moult,  thus  revealing  the  natural  shade  of 
the  clay. 

A  better  plan  is  to  provide  a  drying-room,  in  which  the 
ware  is  placed  on  racks  and  the  air  is  warmed  by  means  of  a 
stove,  the  latter  being  fired  from  the  outside,  so  as  to  prevent 
any  access  of  dust  or  ash  to  the  ware.  When  the  room  has 
been  filled  with  ware,  heat  is  applied,  very  slowly  at  first,  so 
that  the  temperature  is  gradually  raised  to  85°-105°  F. 

After  remaining  at  this  temperature  for  several  hours,  it 
may  be  assumed  that  all  the  ethereal  oil  in  the  colour  has 
evaporated,  and  the  temperature  may  then  be  raised  to  140°  F. 
or  over.  When  the  colour  on  a  test  plate  is  found  to  have 
set  so  hard  that  it  can  only  be  removed  by  scraping  it  with 
a  sharp  knife,  the  drying  is  finished  and  the  ware  can  be 
taken  out,  leaving  the  room  ready  for  a  fresh  charge. 

The  dried  ware  is  finally  coated  with  another  layer  of 
varnish,  a  hard  resin  varnish  being  used  for  fine  ware,  since 
it  increases  the  gloss,  and  hence  the  resemblance  to  glazed 
porcelain. 

A  specially  handsome  appearance  is  imparted  by  the  skilful 
employment  of  bronze  powders  to  produce  metallic  effects. 
This  is  particularly  the  case  when  the  bronze  is  dabbed  over  a 
plain  colour  surface — red,  green,  or  copper  brown,  etc. — by 
means  of  a  brush  or  sponge. 

However,  to  prevent  the  bronze  changing  colour  after  ex¬ 
posure  to  the  air,  a  protecting  cover  of  oil  varnish  must  be 
applied.  Such  varnish  must  not  contain  free  fatty  acids,  or 
these  will  soon  form  greenish  compounds  with  the  copper 
invariably  present  in  the  bronze  powder :  and  a  spirit  amber 
or  copal  varnish  must  be  used.  The  solvents — alcohol,  wood 
spirit,  acetone,  etc. — in  those  varnishes  are  exceedingly 
volatile,  and  the  varnish  will  dry  very  quickly,  protecting 
the  underlying  bronze  completely  from  the  action  of  the  air. 
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A  process  allied  to  the  manufacture  of  siderolitli  ware,  but 
chiefly  adopted  by  amateurs,  is  the  painting  of  earthenware 
on  which  the  outlines  of  the  various  colours  have  already  been 
marked. 

Ware  marked  in  this  way  is  supplied  by  certain  makers, 
ready  fired,  the  contours  of  the  ornamentation  being  shown 
in  slight  relief  or  intaglio.  The  designs  are  usually  in  the 
Persian  or  Indian  style,  and  are  filled  up  with  different 
colours,  the  selection  being  a  very  wide  one,  since  the  colours 
are  not  exposed  to  any  high  temperature. 

The  colours  must  be  sufficiently  consistent  to  furnish,  when 
applied  with  the  brush,  a  stratum  which  will  dry  like  a 
coloured  glaze.  These  colours  are  generally  incorporated  with 
a  medium  of  hard  resin  varnish  containing  sufficient  soft  resin 
varnish  to  prevent  them  from  cracking  or  moulting  when  dry. 
The  requisite  softness  is  usually  imparted  to  the  amber  or 
copal  varnish  by  a  small  quantity  of  dammar  varnish  or 
copaiba  balsam. 

Gold  and  silver  decorations  are  usually  applied  to  this  ware 
by  attaching  gold  or  silver  leaf  to  a  coating  of  golden  yellow 
(or  white)  colour  allowed  to  become  nearly  dry.  A  cheap 
silvery  decoration  is  also  made  by  mixing  aluminium  powder 
with  a  colourless  varnish. 

When  the  ware  has  been  painted  it  should  be  coated  with 
a  thin  film  of  Zapon  lacquer,  prepared  by  mixing  ordinary 
collodion  (an  ethereal  solution  of  gun-cotton)  with  about  4 
per  cent,  of  castor-oil.  The-  thin  film  left  by  this  varnish, 
after  the  ether  has  evaporated,  is  thoroughly  waterproof,  so 
that  the  varnished  articles  can  be  cleaned  with  a  wet 
sponge  or  brush. 

This  varnish,  however,  must  not  be  applied  with  a  brush, 
being  so  volatile  that  it  would  dry  under  the  brush  itself ;  it 
must  be  poured  over  the  article  to  be  coated,  and  the  latter 
allowed  to  drain.  After  leaving  it  untouched  overnight,  it 


244 


Pottery  Decorating 


will  be  found  perfectly  dry,  and  will  retain  its  fine  gloss  and 
handsome  appearance  permanently. 

This  method  of  decoration  is  latterly  much  used  for  imitating 
antique  and  costly  vases,  such  as  are  found  in  museums,  the 
imitations  being  used  either  for  ornamental  purposes  in  the 
home,  or  for  the  purpose  of  instruction  in  technical  and  art 
schools. 


THE  END. 
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Acid,  acetic,  10,  12. 

,,  boric,  11,  12. 

“Algraphy,”  135,  141,  145. 
Alumina  lustre,  207. 

,,  proportion  of,  11. 

,,  purple,  173. 

Aluminium,  fusing-point  of,  18. 

, ,  printing  ( 1  ‘  algraphy  ’  ’ ), 

145. 

Ammonia  salts,  83. 

Ammonium  carbonate,  S3. 
Antimony  oxide,  61,  104,  160. 

,,  orange,  108. 

,,  yellow,  108. 

Aqua  regia,  191. 

Ball  mills,  39  (Fig.  3). 

Balls,  flux,  124. 

Balsam  of  sulphur,  193,  216. 
Barium  chromate,  preparation  of, 
106. 

Barytes,  24,  27. 

Bay  salt,  crude,  83. 

Bismuth  oxide  lustre,  207. 

,,  resinate,  214. 

Black,  bluish,  121. 

,,  brownish,  122. 

,,  for  engobes,  7-1. 
greenish,  121. 

,,  pigment  for  painting  on 
white  glaze,  65. 

,,  porcelain  colours,  prepara¬ 
tion  of,  184. 

,,  underglaze  colours,  121. 

“  Bleaching,”  25. 

Blue- black,  121. 

,,  cobalt  (pure  dark  blue),  116. 


Blue,  dark,  116. 

,,  for  engobes,  74. 

,,  glazes,  recipes  for,  63. 

,,  glost  fire,  179. 

■  ,,  green,  dark,  117. 

,,  ,,  glazes,  recipes  for,  63. 

,,  ,,  light,  117. 

,,  ,,  lustre,  No.  17  ;  218. 

,,  lustre,  No.  16  ;  217. 

,,  medium,  117. 

,,  pale,  117. 

,,  pigment  for  painting  on  white 
glaze,  65. 

,,  porcelain  colours,  177. 

,,  Thenard’s,  116. 

,,  underglaze  colours,  116. 

Blues,  mixed,  117. 

Bolley’s  gold  purple,  171. 
j  Borax,  24,  26. 

Boric  acid,  11,  12,  2fi. 

Boro-calcite,  27. 

Boro-silicates,  11. 

Boi'o  soda  calcite,  27. 

“  Bowl  body  ”  (i.  and  n.)  porcelain, 

81. 

Bottclier,  Johann  Friedrich,  3 
Bricks,  4 . 

,,  facing,  7. 

Bright  gold,  preparation  of,  192. 
Brilliant  lustre,  No.  2  ;  216. 

Bronze  lustres,  Nos.  7,  24-27  ;  217 
218,  219. 

Brown,  dark,  118. 

,,  for  engobes,  74. 

,,  lustres,  Nos.  21,  22,  23  ; 
218. 

,,  manganese,  119. 
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Drown,  mulberry,  119. 

,,  porcelain  colours,  prepara¬ 
tion  of,  184. 

,,  reddish,  118. 

,,  underglaze  colours,  118. 

,,  violet  manganese,  120. 

,,  yellowish,  118. 

Bubbles,  9. 

Burgos  lustres,  219. 

Burnishing,  roughening  glaze  (or, 
199. 

Cadmium  lustre,  287. 

Calcine,  56,  57. 

Cantliarides  lustre,  220. 

Carmine  red  flux,  157. 

Ceramic  colours,  93. 

Chamois  lustre,  No.  10  ;  217. 
Chemical  apparatus,  glaze  for,  20. 

,,  formula  for  glazes,  23. 

,,  ,,  for  white  glaze, 

60. 

,,  proof  glazes,  75. 

China  clay,  16. 

Chromic  oxide,  61,  97,  101. 
Chromium  resinate,  213. 

,,  solution  for  resinates, 
215. 

Ch  rom  ol  i  thography,  142. 

Clay,  baked  and  unbaked,  1. 

Cobalt  blue  by  the  wet  method, 

180. 

,,  ,,  Quire  dark  blue),  116. 

,,  chromate,  preparation  of, 

105. 

,,  lustre,  207. 

,,  oxide,  25,  54,  97,  102. 

,,  solution  for  resinates,  215. 
Cobaltous  silicate,  181. 

,,  zinc  phosphate,  181. 

Collodion  plates  for  photo- ceramics, 
148. 

,,  process,  141,  144. 
Coloured  glazes  for  porcelain,  85. 

,,  ,,  opaque,  35,  49,  55. 

,,  ,,  transparent,  35,  58. 

,,  lustres,  66,  207. 

,,  opaque  glazes,  recipes  for, 

63. 

Colouring  of  engobes,  71. 


Colourless  glazes,  35. 

,,  lustres,  207. 

Colour  printing,  143. 

Colours,  ceramic,  93. 

,,  muffle,  98. 

,,  pink  underglaze,  109. 

,,  sharp-fire,  98. 

,,  underglaze,  64,  85,  86,  107. 
Composition  of  glazes,  8,  80. 
Constituents  of  glaze,  23. 

Copper,  fusing-point  of,  18. 

,,  lustre,  67,  207. 

,,  phosphate,  preparation  of, 
105. 

,,  plates,  facing  with  iron 

(Meidinger’s  method), 
136. 

,,  resinate,  214. 

,,  solution  for  resinates,  215. 

Coral  red,  preparation  of,  169. 
Cracked  glazes,  85,  86. 

Craquele,  imitation,  88. 

,,  ware,  Chinese,  14,  87. 

,,  ware  with  coloured 

“ cracks,”  87. 

“Crazed ”  glaze,  13. 

Crazing,  85,  86. 

Crucibles,  20,  45,  48,  50. 

Crystal  glaze,  85,  88,  90. 

Cupric  oxide,  97,  103. 

Decoration  of  porcelain  by  electro¬ 
plating,  202  ;  by  photography, 
146  ;  with  noble  metals,  151. 

“  Devitrification,”  89. 

Dextrin,  143. 

Disintegrators,  40  (Figs.  4,  5). 
Draught  muffles,  229. 

Dust,  freedom  from,  17. 

Dusting  process  for  photo-ceramics, 
149. 

Dutailly,  researches  of,  87. 

Earthy  glazes,  8. 

Edge-runner  mill,  37,  38  (Fig.  2). 
Electroplating,  decoration  of  porce¬ 
lain  by,  202. 

Enamel  colours,  185. 

,,  soda,  26. 
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Engobage,  70. 

Engobes,  1,  4,  5,  6,  10,  70. 

,,  colouring  of,  71. 

,,  polychrome,  72,  75. 

Etruscan  pottery,  2. 

“  Faience,”  3. 

,,  glazes  for,  29. 

Felspar,  16,  24,  26,  27,  29. 

,,  glazes,  80,  83. 

,,  pulverisation  of,  36. 

Ferric  oxide,  25,  54,  97,  100. 
Figuier’s  gold  purple,  171. 

Films  on  glaze,  15. 

“Flux  balls,”  124. 

,,  colours,  123. 

,,  specimen  tiles  for, 

158. 

,,  for  carmine  red  and  light 
purple,  157. 

,,  for  mixed  dark  purple,  158. 

,,  for  painting,  64. 

,,  for  violet,  158. 

,,  green,  157. 

,,  ordinary  lead  (grey),  156. 

,,  preparation  of,  158. 

Fluxes,  coloured,  6. 

,,  composition  of,  155. 

Fritted  or  fused  glazes,  8. 

Fritting  furnaces,  43  (Fig.  7),  44, 
45  (Fig.  8). 

Furnace,  experimental  melting,  50 
(Fig.  13). 

Furnaces  for  refractory  glazes,  45 
(Figs.  9,  10,  11). 

,,  fritting,  43  (Fig.  7),  44, 
45  (Fig.  8). 

,,  reverberatory,  45,  etc., 
(Figs.  9,  10,  11,  12). 
Fused  glazes,  9. 

Fusibility  test,  19. 

Fusible  glaze  on  white  glazed 
ware,  64. 

Fusing-point  of  aluminium,  18  ; 
copper,  18  ;  glaze,  10,  11  ;  gold, 
18  ;  nickel,  19  ;  palladium,  19  ; 
platinum,  19  ;  silver,  18  ;zinc,  18. 
Fusing  the  glaze  mass,  42. 

Galena,  27,  33. 


Gas  firing  in  ceramics,  234. 

,,  furnace,  experimental,  52  (Fig. 
14). 

Gilding  porcelain-burnished  gold, 
197. 

Glaze  applied  by  sand-blasting 
machine,  132. 

,,  basin,  constituents  of,  11. 

,,  constituents  of,  23. 

,,  “crazed,”  13. 

,,  “crystal,”  85,  88. 

,,  definition  of,  6. 

,,  for  chemical  apparatus,  20. 

,,  for  “sherd  body  ”  porcelain, 

81. 

,,  fusing-point  of,  10,  11. 

,,  imitation  of,  28. 

,,  mass,  fusing  of,  42. 

,,  ,,  preparation  of,  35. 

,,  materials,  23. 

,,  “measly,”  15. 

,,  removed  by  sand-blasting 
machine,  134. 

,,  tests,  19,  20. 

Glazed  earthenware,  21. 

,,  tile  glazes,  new  recipes  for, 
61. 

Glazes,  atmospheric  effect  on,  21. 

,,  chemical,  formula  for,  23. 

,,  colourless,  35  ;  transparent 
coloured,  55. 

,,  composition  of,  8. 

,,  defective,  12. 

,,  earthy,  8. 

,,  felspar,  80,  S3. 

,,  for  fine  stoneware  and 

wedgwood,  68. 

,,  for  porcelain,  77. 

,,  for  white  tiles,  61. 

,,  fused  or  fritted,  8. 

,,  lime,  84. 

,,  ,,  on  Oriental  porcelain, 

80. 

,,  mixed,  80. 

,,  ,,  from  Bohemian 

potteries,  80. 

,,  on  various  porcelain  bodies 
used  in  Royal  Porcelain 
Works,  Berlin,  81. 

,,  practical  testing  of,  18. 
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Glazes,  preparation  of,  31. 

,,  proof  against  chemicals,  75. 
,,  recipes  for  coloured  opaque, 
63. 

,,  refractory,  12. 

,,  salt,  8,  60. 

,,  soda,  59. 

,,  white,  55. 

Glost  fire  blue,  179. 

,,  ,,  colours  over  glaze,  153. 

,,  ,,  ,,  under  glaze,  152. 

Glue,  143. 

Gold,  97. 

,,  bright,  preparation  of,  192. 

,,  decoration  of  porcelain,  151. 

,,  fusing-point  of,  18, 

,,  lustre,  66,  211,  217. 

,,  (porcelain -burnished)  gild¬ 

ing,  silvering,  and  platinis¬ 
ing,  197. 

,,  preparations,  the  making  of. 

190. 

,,  printing,  145. 

,,  purple  (Bolley’s),  prepara¬ 

tion  of,  171. 

.,  ,,  dark  preparation  of, 

172. 

,,  ,,  (Figuier’s),  prepara¬ 

tion  of,  171. 

,,  ,,  (Fuchs),  preparation 

of,  170. 

,,  ,,  (purple  of  Cassius), 

preparation  of, 
170. 

,,  ,,  red,  113. 

,,  ,,  (Schnitzler’s),  pre¬ 

paration  of,  171. 

,,  ,,  (Waechter’s)  prepa¬ 

ration  of,  172. 

,,  ,,  (reddish),  112. 

, ,  ruby  glass,  preparation  of, 

174. 

,,  trichloride,  190,  191,  192, 

193. 

,,  sulphur  balsam,  190,  193. 

Green,  dark,  115. 

,,  flux,  157. 

,,  for  engobes,  74. 

,,  light,  115. 

,,  lustre,  dark,  No.  15  ;  217. 


Green  pigment  for  painting  on 
white  glaze,  65. 

,,  porcelain  colours,  176. 

,,  (steel)  lustre,  No.  18  ;  218. 

,,  underglaze  colours,  1 15. 

,,  Zeissig,  116. 

Grey  glazes,  recipes  for,  64. 

,,  iridium,  120. 

,,  lustres,  Nos.  19  and  20  ;  218. 
,,  pigment  for  painting  on 
white  glaze,  65. 

,,  platinum,  120. 

,,  porcelain  colours,  preparation 
of,  184. 

, ,  underglaze  colours,  1 20. 

Gum,  143. 

,,  arabie,  122. 

Gypsum,  15. 

Handpainted  ware,  127. 

Hard  porcelain,  77. 

,,  ,,  glazes  for,  79. 

Heavy  spar,  27. 

Hessian  crucibles,  48,  50. 

Hydraulic  power  for  producing 
coloured  patterns  in  engobes,  57. 

Imitation  craquele,  88  ;  glaze, 
28  ;  paintings  on  porcelain,  239. 
Impurity  of  materials,  14. 
Iridescence  caused  by  long  contact 
with  atmosphere,  21. 

Iridium,  98. 

,,  chloride  for  toning  photo- 
ceramics,  149. 

Iron,  24,  25. 

,,  grey  glazes,  recipes  for,  64. 

,,  lustre,  207. 

,,  red  lustre,  No.  8  ;  217. 

,,  reds,  114,  168. 

,,  resinate,  213. 

,,  solution  for  resinates,  214. 

,,  tests  for,  32. 

Kaolin,  27,  29,  77. 

Lacquer,  Zapon,  243. 

Lauth,  researches  of  86. 

Lead,  9. 
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Lead  (grey),  ilux,  156. 

,,  oxide,  12. 

„  24,  27,  32. 

,,  ,,  57,  58  (Fig.  15). 

,,  ,,  lustre,  207. 

,,  poisoning,  prevention  of,  in 
preparation  of  calcine,  57, 
58  (Fig.  15). 

,,  red,  27,  33. 

,,  resinate,  214. 

,,  solution  for  resinates,  215. 

,,  sulphate,  34. 

,,  white,  27,  33. 

Lilac  (pale  violet)  colour,  111. 

Lime,  24,  26,  32. 

,,  glazes,  80,  84. 

Litharge,  27,  33. 

Lithographic  plates,  transfers  from, 
141. 

Lustre,  alumina,  207. 

.,  bismuth  oxide,  207. 

,,  blue,  No.  16  ;  217. 

,,  blue-green,  No.  17  ;  218. 

,,  bright  silver,  No.  28  ;  219. 

,,  brilliant,  No.  2  ;  216. 

,,  bronze,  No.  7,  24-27  ;  217, 

218,  219. 

,,  cadmium,  207. 

,,  cantliarides,  220. 

.,  chamois,  No.  10  ;  217. 

,,  cobalt,  207. 

,,  copper,  67,  207. 

,,  dark  green,  No.  15  ;  217. 

,,  decorations  on  porcelain, 

206. 

,,  gold,  66,  211  ;  No.  13, 

217. 

,,  iron,  207. 

,,  ,,  red,  No.  8  ;  217. 

,  lead  oxide,  207. 

,,  nickel,  207. 

.,  pink,  No.  11  ;  217. 

,,  platinum,  212. 

,,  purple,  No.  12  ;  217. 

,,  red,  219. 

.,  silver,  212. 

,,  steel-green,  No.  18;  218. 

,,  uranium,  207. 

,,  white,  with  tin,  No.  3 ; 

216. 


Lustre,  white,  No.  1  ;  216. 

,,  yellow  brown,  No.  9; 
217. 

,,  yellow-green,  No.  14  ;  217. 
,,  zinc  oxide,  207. 

Lustres,  brown,  Nos.  21,  22,  23  ; 
218. 

,,  Burgos,  219. 

,,  coloured,  66,  207. 

,,  colourless,  207. 

,,  dry  method,  206. 

,,  grey,  Nos.  19  and  20  ; 

218. 

,,  noble  metal,  211. 

,,  on  porcelain,  151. 

,,  recipes  for,  28,  216. 

,,  special,  219. 

,,  wet  method,  206. 

,,  yellow,  Nos.  4,  5,  6  ;  216. 

,,  Zsigmondy’s,  recipes  for, 

220. 

Lustrous  glazes  for  fine  stoneware, 
68. 

Magnesia,  24,  27. 

,,  purple,  173. 

“Majolica,”  2. 

Manganese  oxide,  61,  97,  103. 

,,  phosphate,  preparation 

of,  105. 

,,  resinate,  214. 

,,  solution  for  resinates, 

215. 

“  Measly  ”  glaze,  15. 

Medium  for  painting  white-glazed 
ware,  64  ;  for  underglaze  colours, 
122. 

Meidinger’s  method  of  iron-plating 
copper,  136. 

Melting  furnace,  experimental,  50 
(Fig.  13). 

Metachromotype  transfers,  241. 
Metal  decoration  on  porcelain,  189. 
Metallic  gold,  190. 

Metals,  decoration  of  porcelain 
with,  151. 

,,  “noble,”  189. 

Mills,  dry,  41. 

,,  wet,  41. 

Mineral  witherite,  27. 
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Mixed  blues,  117. 

,,  glazes,  80. 

Muffle  colours,  98,  155. 

,,  ,,  firing  of,  223. 

,,  ,,  preparation  of,  186. 

,,  firing  for  photo-ceramics, 
150. 

, ,  furnaces  for  special  purposes, 
233  (Fig.  22). 

,,  furnaces,  tunnel,  230. 

,,  the,  223  (Figs.  19,  20,  21). 

Muffles,  construction  of,  224. 

,,  draught,  229. 

Multiple  colour  printing,  142. 

Naples  yellow,  preparation  of, 
165. 

Nickel,  fusing-point  of,  19. 

,,  lustre,  207. 

,,  oxide,  97,  103. 

Nitro-hydrochloric  acid,  191. 

“  Noble  ”  metal  lustres,  211. 

,,  metals,  189. 

“Onion  pattern  ”  ware,  123,  152. 

Opaque  -  coloured  glazes,  recipes 
for,  63. 

,,  glazes,  35,  49,  55. 

Orange,  antimony,  108. 

Orthophosplioric  acid  for  aluminium 
printing,  145. 

Overglaze  glost  fire  colours,  153. 

Oxides,  cobalt,  25. 

,,  ferric,  25. 

,,  pigmentary,  24. 

Painting  white-glazed  ware,  61. 

Paintings  on  porcelain,  durability 
of,  96  ;  imitation  of,  239. 

Palladium,  fusing-point  of,  19. 

Photo-ceramics,  146,  149. 

Pigmentary  oxides,  24. 

Pink  (bluish -red),  110. 

,,  clove,  111. 

,,  colours,  underglaze,  109. 

,,  lustre,  No.  11  ;  217. 

,,  (pale  rose  red),  111. 

,,  purple,  112. 

,,  red,  pure,  109. 

,,  (rose  red),  110. 


Pink  to  purple  pigment  for  paint¬ 
ing  on  white  glaze,  65. 

,,  (violet),  111. 

Platinising  porcelain  -  burnished 
gold,  197. 

Platinum,  98. 

,,  chloride,  149. 

,,  decoration  of  porcelain, 

151. 

,,  fusing-point  of,  19. 

,,  lustre,  212. 

,,  preparations,  197. 

Polychrome  engobes,  72. 

“  Porcelain,”  3,  29. 

,,  burnished  gold,  gild¬ 

ing,  silvering,  and 
platinising,  197. 

,,  Chinese,  3. 

,,  coloured  glaze,  85. 

,,  colours,  black  and 

grey,  preparation 
of,  184. 

,,  colours,  blue,  177  ; 

brown,  184  ;  green, 
176;  red,  167;  yel¬ 
low,  160  ;  violet,  182. 
,,  crystallised  glaze.  85, 

88. 

,,  decoration  by  photo¬ 

graphy,  146. 

,,  glazes,  30,  77,  84. 

,,  hard,  77. 

,,  lustre  decorations  on, 

206. 

,,  meal,  28. 

,,  soft,  78. 

,,  “  vieux  craquele,”  85, 

86. 

Porous  shards,  17. 

Potash,  24,  26,  32. 

,,  felspar,  27. 

Potassium  antimoniate,  preparation 
of,  165. 

Pottery,  common  glazes  for,  29. 
Printing,  aluminium  (“  algraphy  ”), 
145. 

,,  colour,  143. 

,,  colours,  transfer,  prepara¬ 

tion  of,  138. 

,,  gold,  145. 
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Printing  on  ceramic  bodies,  134  ; 

,,  ,,  transfer  paper,  137. 

Pulverising,  appliances  for,  3.6. 

“Pure  body”  porcelain,  81. 

,,  colours,  preparation  of,  100. 
Purple  (alumina),  preparation  of, 
173. 

,,  of  Cassius,  preparation  of, 
170. 

,,  light,  preparation  of,  172. 

,,  lustre,  No.  12  ;  217. 

,,  (magnesia),  preparation  of, 
173. 

,,  (mixed  dark)  flux,  158. 

,,  (pink),  112. 

,,  rose,  preparation  of,  172. 

Quartz,  pulverisation  of,  36. 

,,  sand,  24. 

Queen’s  ware,  3. 

Red -brown,  48. 

,,  (carmine)  flux,  157. 

,,  coral  preparation  of,  169. 

,,  for  engobes,  74. 

,,  gold  colours,  112. 

,,  iron,  114,  168. 

,,  lead,  27,  33. 

,,  lustres,  219. 

,,  pigment  for  painting  on  white 
glaze,  65. 

,,  porcelain  colours,  167. 

,,  pure  pink,  109. 

,,  Thivier’s,  114. 

,,  underglaze  colours,  109. 
Refractory  glazes,  12. 

,,  glazes,  furnaces  for,  45  j 
(Figs.  9,  10,  11). 

Resinate,  bismuth,  214. 

,,  chromium,  213. 

,,  copper,  214. 

,,  iron,  213. 

,,  lead,  214. 

,,  manganese,  214. 

,,  uranium,  213. 

,,  chromium,  solution  for, 

215. 

,,  cobalt,  solution  for,  215.  | 

,,  copper,  solution  for,  215. 

,,  iron,  solution  for,  214. 

,,  lead,  solution  for,  215.  -  J 
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Resinate  manganese,  solution  for, 
215. 

,,  resin  soaps,  213. 

,,  tin,  solution  for,  215. 

,,  uranium,  solution  for,  215. 

Reverberatory  furnaces,  45  (Figs.  9, 

10,  11,  12). 

Rose  purple,  172. 

Roughening  glaze  for  burnishing, 
199. 

Rubber  stamps  for  decorating  ware, 
129. 

Ruby  glass,  copper,  175. 

,,  ,,  gold,  174. 

,,  ,,  preparation  of,  173. 

Rutile,  61. 

,,  yellow,  107. 

Salt  glazes,  8,  75,  76. 

,,  ,,  disadvantages  of,  60. 

Saltpetre,  26. 

Sand  blast,  130  (Figs.  16,  17,  18). 

Shard,  5. 

Shards,  ground,  27. 

Sharp-fire  colours,  98. 

“  Sherd  body,”  porcelain,  81. 

“  Siderolith  ”  ware,  93,  239. 

Silicate,  cobaltous,  181. 

Silicates,  11. 

Silver  (bright)  lustre,  No.  28  ;  219. 
,,  decoration  of  porcelain,  151. 
,,  fusing-point  of,  1 8. 

,,  lustre,  212. 

,,  nitrate,  196. 

,,  powder,  195. 

,,  preparations,  195. 

,,  yellow,  preparation  of,  166. 

Silvering  porcelain-burnished  gold, 
197. 

Smalt,  61. 

Soap  coating  on  transfer  paper, 
137. 

Soda,  24,  26,  32. 

,,  felspar,  27. 

,,  glazes,  59. 

Sodium  chloride,  24,  26. 

Soft  porcelain,  78. 

Sponge  method  of  stencilling,  128. 

Stamp  mill,  Californian,  37  (Fig.  1). 

Stamps,  37. 
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Stamps  (rubber)  for  decorating 
ware,  129. 

Star  paste,  143. 

Stencilling  colours,  128. 

“  Stoneware,”  3. 

,,  English  or  German, 

glazes  for,  30. 

,,  (fire),  glazes  for,  68. 

Stove  tiles,  7. 

Sulphates,  shortage  or  excess  of,  15. 

Tableware  bodies,  porcelain,  81. 
Tenax’  light  green,  115. 
“Terralith”  ware,  manufacture  of, 
239. 

Testing  of  glazes,  18. 

,,  purity  of  raw  materials,  32. 
Thenard’s  blue,  116. 

Thivier’s  red  (flesh  tint),  114. 

Tiles,  55. 

,,  stoves,  7. 

,,  white,  glazes  for,  61. 

Tin  oxide,  54,  56. 

,,  solution  for  resin ates,  215. 
Titanic  acid,  90. 

Titanium  yellow,  107. 

Toning  pictures  on  porcelain,  149. 
Tragacanth,  122,  143. 

Transfer  paper,  137. 

,,  printing,  134,  141. 

,,  ,,  plates  for,  135. 

Transferring  the  design,  140,  144. 
Transfers,  127. 

,,  from  lithographic  plates. 

141. 

,,  metachromotype,  241. 

Tunnel  muffle  furnaces,  230. 
Turquoise,  light,  118. 

Unbaked  ware,  glazing  of,  17. 
Underglaze  colours,  64,  85,  86. 

,,  ,,  107  ;  flowing, 

123  ;  for  transfer  printing,  138  ; 
medium  for,  122. 

Underglaze  glost  fire  colours,  152. 
Uranium  chloride,  149. 

,,  lustre,  207  ;  oxide,  97  ; 
resinate,  213. 


Uranium  solution  for  resin ates,  215. 
,,  yellow,  preparation  of, 
167. 

“  Vieux  craquele,”  14,  85,  86. 
Vinegar  test  for  glaze,  20. 

Violet  flux,  158. 

,,  pigment  for  painting  on 

white  glaze,  65. 

,,  porcelain  colours,  prepara¬ 

tion  of,  1S2. 

,,  unique  or  pale  violet,  112. 
Vogel’s  iron  red,  101. 

W aechter’s  gold  purple,  172. 

“  Wasters,”  15. 

Wedgwood,  Josiah,  3. 

Wet  method  for  cobalt  blue,  180. 

,,  ,,  for  preparing  lustres, 

206,  208. 

White  clay,  24,  26. 

,,  for  engobes,  74. 

,,  glaze,  55,  60. 

,,  glazed  ware,  painting  of,  64. 

,,  lead,  27,  33. 

,,  lustre,  No.  1  ;  216. 

,,  ,,  with  tin,  No.  3  ;  216. 

,,  tiles,  glazes  for,  61. 

Yellow,  antimony,  108. 

,,  brown,  118. 

, ,  ,,  lustre,  No.  9  ;  217. 

,,  glazes,  recipes  for,  63. 

,,  green  lustre,  No.  14  ;  217. 

,,  lustres,  Nos.  4,  5,  6  ;  216. 

,,  Naples,  preparation  of,  165. 

.,  pigment  for  painting  on 
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—Crimson  —  Lac  Dye  —  Scarlet  —  Madder  —  Alizarin — Campeachy— Quercitron — Rhamnus — 
Brazil  Wood — Alkanet — Santal  Wood — Archil— Coal-tar  Lakes — Red  Lakes — Alizarin  Com¬ 
pounds — Orange  and  Yellow  Lakes — Green  and  Blue  Lakes — Indigo — Dragon's  Blood — 
Gamboge — Sepia — Indian  Yellow,  Puree — Bitumen,  Asphaltum,  Mummy — Index. 
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Bases— The  Principles  of  Lake  Formation— Red  Lakes— Orange,  Yellow,  Green,  Blue,  Violet 
and  Black  Lakes — The  Production  of  Insoluble  Azo  Colours  in  the  Form  of  Pigments — The 
General  Properties  of  Lakes  Produced  from  Artificial  Colours— Washing,  Filtering  and  Fin¬ 
ishing — Matching  and  Testing  Lake  Pigments — Index 


PAINTS,  COLOURS,  ETC.  — continued. 

THE  MANUFACTURE  OF  MINERAL  AND  LAKE 
PIGMENTS.  Containing  Directions  for  the  Manufacture 
of  all  Artificial,  Artists  and  Painters’  Colours,  Enamel,  Soot  and  Me¬ 
tallic  Pigments.  A  Text-book  for  Manufacturers,  Merchants,  Artists 
and  Painters.  By  Dr.  Josef  Bersch.  Translated  by  A.  C.  Wright, 
M.A.  (Oxon.),  B.Sc.  (Lond.).  Forty-three  Illustrations.  476  pp.,  demy 
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the  Manufacture  of  Pigments — Assistant  Materials — Metallic  Compounds — The  Manufacture 
of  Mineral  Pigments — The  Manufacture  of  White  Lead — Enamel  White — Washing  Apparatus 
—  Zinc  White  —  Yellow  Mineral  Pigments  —  Chrome  Yellow  —  Lead  Oxide  Pigments  — 
Other  Yellow  Pigments — Mosaic  Gold — Red  Mineral  Pigments — The  Manufacture  of  Ver¬ 
milion — Antimony  Vermilion — Ferric  Oxide  Pigments — Other  Red  Mineral  Pigments — Purple 
of  Cassius — Blue  Mineral  Pigments — Ultramarine  —  Manufacture  of  Ultramarine  —  Blue 
Copper  Pigments — Blue  Cobalt  Pigments — Smalts — Green  Mineral  Pigments— Emerald 
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ments — Brown  Mineral  Pigments — Brown  Decomposition  Products — Black  Pigments — Manu¬ 
facture  of  Soot  Pigments — Manufacture  of  Lamp  Black — The  Manufacture  of  Soot  Black 
without  Chambers — Indian  Ink — Enamel  Colours — Metallic  Pigments — Bronze  Pigments — 
Vegetable  Bronze  Pigments. 

Pigments  of  Organic  Origin — Lakes — Yellow  Lakes — Red  Lakes — Manufacture  of 
Carmine — The  Colouring  Matter  of  Lac — Safflower  or  Carthamine  Red — Madder  and 
its  Colouring  Matters — Madder  Lakes — Manjit  (Indian  Madder) — Lichen  Colouring  Matters — 
Red  Wood  Lakes — The  Colouring  Matters  of  Sandal  Wood  and  Other  Dye  Woods — Blue 
Lakes — Indigo  Carmine — The  Colouring  Matter  of  Log  Wood — Green  Lakes — Brown  Organic 
Pigments — Sap  Colours — Water  Colours — Crayons — Confectionery  Colours — The  Preparation 
of  Pigments  for  Painting — The  Examination  of  Pigments — Examination  of  Lakes — The 
Testing  of  Dye-Woods — The  Design  of  a  Colour  Works — Commercial  Names  of  Pigments — 
Appendix :  Conversion  of  Metric  to  English  Weights  and  Measures — Centigrade  and  Fahrenheit 
Thermometer  Scales — Index. 

RECIPES  FOR  THE  COLOUR,  PAINT,  VARNISH,  OIL, 
SOAP  AND  DRYSALTERY  TRADES.  Compiled  by 

An  Analytical  Chemist.  350  pp.  Demy  8vo.  Price7s.6d.net.  (Post 
free,  8s.  home ;  8s.  3d.  abroad.) 

Contents. 

Pigments  or  Colours  for  Paints,  Lithographic  and  Letterpress  Printing  Inks,  etc.— 
Mixed  Paints  and  Preparations  for  Paint-making,  Painting,  Lime-washing,  Paperhanging, 
etc. — Varnishes  for  Coach-builders,  Cabinetmakers,  Wood-workers,  Metal-workers,  Photo¬ 
graphers,  etc. — Soaps  for  Toilet,  Cleansing,  Polishing,  etc. — Perfumes — Lubricating  Greases, 
Oils,  etc. — Cements,  Pastes,  Glues  and  Other  Adhesive  Preparations — Writing,  Marking, 
Endorsing  and  Other  Inks — Sealing-wax  and  Office  Requisites — Preparations  for  the  Laundry, 
Kitchen,  Stable  and  General  Household  Uses — Disinfectant  Preparations — Miscellaneous 
Preparations — Index. 

OIL  COLOURS  AND  PRINTERS’  INKS.  By  Louis 

Edgar  And£s.  Translated  from  the  German.  215  pp.  Crown  8vo. 
56  Illustrations.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 
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Linseed  Oil — Poppy  Oil — Mechanical  Purification  of  Linseed  Oil — Chemical  Purification  of 
Linseed  Oil — Bleaching  Linseed  Oil — Oxidizing  Agents  for  Boiling  Linseed  Oil — Theory  of 
Oil  Boiling— Manufacture  of  Boiled  Oil — Adulterations  of  Boiled  Oil — Chinese  Drying  Oil  and 
Other  Specialities — Pigments  for  House  and  Artistic  Painting  and  Inks — Pigment  for 
Printers’  Black  Inks — Substitutes  for  Lampblack — Machinery  for  Colour  Grinding  and 
Rubbing — Machines  for  mixing  Pigments  with  the  Vehicle — Paint  Mills — Manufacture  of 
House  Oil  Paints — Ship  Paints — Luminous  Paint — Artists’  Colours — Printers'  Inks:-- 
VEHICLES— Printers’  Inks PIGMENTS  and  MANUFACTURE— Index. 

(See  also  Writing  Inks,  p.  n.) 

THREE  HUNDRED  SHADES  AND  HOW  TO  MIX 
THEM.  For  Architects,  Decorators  and  Painters. 

(See  page  28.) 
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CASEIN.  By  Robert  Scherer.  Translated  from  the  German 
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Colour  for  Outside  Work — Casein  Enamel  Paint — Casein  Facade  Paint — Cold-Water  Paint  in 
Powder  Form — History's  Recipe  for  Casein  Paint  an.l  Varnish — Pure  Casein  Paints  for  Walls, 
etc. — Casein  Paints  for  Woodwork  and  Iron — Casein-Silicate  Paints — Milk  Paints— Casein- 
Silicate  Paint  Recipes — Trojel’s  Boiled  Oil  Substitute — Cal -online  Wash — Quick-Drying 
Casein  Paint — Boiled  Oil  Substitute — Ring's  Cold-Water  Paint — Formjlactin — Waterproof 
Paint  for  Playing  Cards — Casein  Colour  Lake  — Casein-Ce  nent  Paint.  The  Technics  of 
Casein  Painting.  Casein  Adhesives  and  Putties.— Casein  Glue  in  Plates  or  Flakes— 
Jeromin's  Casein  Adhesive — Hall's  Casein  Glue — Waterproof  Glue — Liquid  Casein  Glue — 
Casein  and  Borax  Glue — Solid  Casein  Adhesive — Casein  Solution — Glue  Powder — Casein 
Puttie  —Washable Cement  for  Deal  Boards— Wenk’s  Casein  Cement— Casein  and  Lime  Cement 
— “  Pitch  Barm  ” — Casein  Stopping — Casein  Cement  for  Stone.  The  Prepa’ration  of 
Plastic  Masses  from  Casein — Imitation  Ivory — Anti-Radiation  and  Anti-Corrosive  Com¬ 
position—  Dickmann's  Covering  for  Floors  and  Walls— Imitation  Linoleum— Imitation 
Leather — Imitation  Bone — Plastic  Mass  of  Keratin  and  Casein — Insulating  Mass — Plastic 
Casein  Masses— Horny  Casein  Mass— Plastic  Mass  from  Celluloid— Casein  Cellulose  Compo 
sition— Fireproof  Cellulose  Substitute — Nitrocellulose  and  Casein  Composition — Franquet’s 
Celluloid  Substitute — Galalith.  Uses  of  Casein  in  the  Textile  Industry,  for  Finishing 
Colour  Printing,  etc.— Caseogum — “  Glutin  "—Casein  Dressing  for  Linen  and  Cotton 
Fabrics — Printing  Colour  with  Metallic  Lustre — Process  for  Softening,  Sizing  and  Loading — 
Fixing  Casein  and  Other  Albuminoids  on  the  Fibre — Fixing  Insoluble  Colouring  Matters — 
Waterproofing  and  Softening  Dressing— Casein  for  Mercerising  Crepe— Fixing  Zinc  White  on 
Cotton  with  Formaldehyde — Casein-Magnesia — Casein  Medium  for  Calico  Printing — Loading 
Silk.  Casein  Foodstuffs. — Casein  Food — Synthetic  Milk — Milk  Food — Emulsifiable  Casein 
— Casein  Phosphate  for  Baking — Making  Bread,  Low  in  Carbohydrates,  from  Flour  and  Curd 
— Preparing  Suluble  Casein  Compounds  with  Citrates — Casein  Food.  Sundry  Applications 
of  Casein. 

SIMPLE  METHODS  FOR  TESTING  PAINTERS’ 
MATERIALS.  By  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc. 

(Lond.).  Crown  8vo.  160  pp.  Price  5s.  net.  (Post  free,  5s.  3d. 
home  ;  5s.  6d.  abroad.) 

IRON  -  CORROSION,  ANTI  -  FOULING  AND  ANTI¬ 
CORROSIVE  PAINTS.  Translated  from  the  German  of 
Louis  Edgar  Andes.  Sixty  two  Illustrations.  275  pp.  Demy  8vo. 
Price  10s.  6d.  net.  (Post  free,  10s.  lOd.  home;  11s.  3d.  abroad.) 

Contents. 

Iron-rust  and  its  Formation — Protection  from  Rusting  by  Paint — Grounding  the  Iron  with 
Linseed  Oil,  etc. — Testing  Paints — Use  of  Tar  for  Painting  on  Iron — Anti-corrosive  Paints — 
Linseed  Varnish — Chinese  Wood  Oil — Lead  Pigments — Iron  Pigments — Artificial  Iron  Oxides 
— Carbon — Preparation  of  Anti-corrosive  Paints— Results  of  Examination  of  Several  Anti¬ 
corrosive  Paints — Paints  for  Ship’s  Bottoms — Anti-fouling  Compositions — Various  Anti-cor¬ 
rosive  and  Ship’s  Paints — Official  Standard  Specifications  for  Ironwork  Paints — Index. 

THE  TESTING  AND  VALUATION  OF  RAW  MATE¬ 
RIALS  USED  IN  PAINT  AND  COLOUR  MANU 
FACTURE.  By  M.  W.  Jones,  F.C.S.  A  Book  for  the 
Laboratories  of  Colour  Works.  88  pp.  Crown  8vo.  Price  5s.  net. 
(Post  free,  5s.  3d.  home  and  abroad.) 

THE  MANUFACTURE  AND  COMPARATIVE  MERITS 
OF  WHITE  LEAD  AND  ZINC  WHITE  PAINTS.  By 

G.  Petit,  Civil  Engineer,  etc.  Translated  from  the  French.  Crown  8vo. 
100  pp.  Price  4s.  net.  (Post  free,  4s.  3d.  home  ;  4s.  4d.  abroad.) 

Contents. 

Chapters  I.,  The  Fundamental  Principles  of  Painting  in  Oil.  II.,  The  Different  Varieties  of 
White  Leads — The  Dutch  Process — Grinding  White  Lead  in  Oil.  II I,,  Other  Processes  of 
Manufacturing  White  Lead.  IV. ,  White  Lead  Substitutes— Sophistication  of  White  Lead — 
Analysis  of  White  Lead.  V.,  White  Lead  Paints — Their  Merits  and  Defects.  VI.,  Toxi¬ 
cology  of  White  Lead — Hygienic  Measures  in  its  Manufacture  and  Use.  VII.,  Zinc  White — - 
Its  Preparation.  IX.,  Zinc  White  Paint  and  Zinc  White  Coatings — Their  Merits  and  Defects. 


STUDENTS’  HANDBOOK  OF  PAINTS,  COLOURS,  OILS 
AND  VARNISHES  By  John  Furnell.  Crown  8vo.  12 

Illustrations.  96  pp.  Price  2s.  6d.  net.  (Post  free,  2s.  9d.  home  and  abroad.) 


Varnishes  and  Drying  Oils. 

OIL  CRUSHING,  REFINING  AND  BOILING,  THE 
MANUFACTURE  OF  LINOLEUM,  PRINTING  AND 
LITHOGRAPHIC  INKS,  AND  INDIA-RUBBER 
SUBSTITUTES.  By  John  Gedoes  McIntosh.  Being 

Volume  I.  of  the  Second,  greatly  enlarged,  English  Edition,  in  three 
Volumes,  of  “  The  Manufacture  of  Varnishes  and  Kindred  Industries,” 
based  on  and  including  the  work  of  Ach.  Livache.  Demy  8vo.  150  pp. 
29  Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s. 
abroad.) 

VARNISHES  AND  VARNISH  MAKING  MATERIALS. 

By  J.  G.  McIntosh.  Demy  8vo.  54  Illustrations.  [In  the  Press. 

Contents. 

Chapter  I.,  Introduction.  II.,  Amber  and  Amber  Oil  Varnishes.  III.,  Copal,  etc.  IV., 
Resins— Assorting,  Cleaning  and  Fusing.  V.,  Asphaltum,  Coa  -Tar,  Pitch,  Rubber,  etc.  VI., 
Oil-Varnish  Making— General  Instructions.  VII.,  Copal  Oil  Varnish.  VIII.,  Rosin  Oil  Varnish 
— Brunswick  Black — Super  Black  Japan.  IX.,  Testing  Varnish — Utilisation  of  Residues. 

DRYING  OILS,  BOILED  OIL  AND  SOLID  AND 
LIQUID  DRIERS.  By  L.  E.  Andes.  Expressly  Written 
for  this  Series  of  Special  Technical  Books,  and  the  Publishers  hold 
the  Copyright  for  English  and  Foreign  Editions.  Forty  two  Illustra¬ 
tions.  342  pp.  Demy  8vo.  Price  12s.  6d.  net.  (Post  free,  13s.  home  ; 
13s.  3d.  abroad. ) 

Contents. 

Properties  of  the  Drying  Oils  ;  Cause  of  the  Drying  Property ;  Absorption  of  Oxygen  ; 
Behaviour  towards  Metallic  Oxides,  etc. — The  Properties  of  and  Methods  for  obtaining  the 
Drying  Oils — Production  of  the  Drying  Oils  by  Expression  and  Extraction  ;  Refining  and 
Bleaching;  Oil  Cakes  and  Meal;  The  Refining  and  Bleaching  of  the  Drying  Oils;  The 
Bleaching  of  Linseed  Oil — The  Manufacture  of  Boiled  Oil;  The  Preparation  of  Drying  Oils 
for  Use  in  the  Grinding  of  Paints  and  Artists’  Colours  and  in  the  Manufacture  of  Varnishes 
by  Heating  over  a  Fire  or  by  Steam,  by  the  Cold  Process,  by  the  Action  of  Air,  and  by  Means 
of  the  Electric  Current;  The  Driers  used  in  Boiling  Linseed  Oil;  The  Manufacture  of  Boiled 
Oil  and  the  Apparatus  therefor;  Livache’s  Process  for  Preparing  a  Good  Drying  Oil  and  its 
Practical  Application — The  Preparation  of  Varnishes  for  Letterpress,  Lithographic  and  Copper¬ 
plate  Printing,  for  Oilcloth  and  Waterproof  Fabrics;  The  Manufacture  of  Thickened  Linseed 
Oil,  Burnt  Oil,  Stand  Oil  by  Fire  Heat,  Superheated  Steam,  and  by  a  Current  of  Air — Behaviour 
of  the  Drying  Oils  and  Boiled  Oils  towards  Atmospheric  Influences,  Water,  Acids  and  Alkalies 
— Boiled  Oil  Substitutes— The  Manufacture  of  Solid  and  Liquid  Driers  from  Linseed  Oil  and 
Rosin;  Linolic  Acid  Compounds  of  the  Driers— The  Adulteration  and  Examination  of  the 
Drying  Oils  and  Boiled  Oil. 


Oils,  Fats,  Greases,  Petroleum. 

LUBRICATING  OILS,  PATS  AMD  GREASES:  Their 

Origin,  Preparation,  Properties,  Uses  and  Analyses.  A  Handbook  for 
Oil  Manufacturers,  Refiners  and  Merchants,  and  the  Oil  and  Fat 
Industry  in  General.  By  George  H.  Hurst,  F.C.S.  Second  Revised 
and  Enlarged  Edition.  Sixty-five  Illustrations.  317  pp.  Demy  8vo. 
Price  10s.  6d.  net.  (Post  free,  11s.  home;  11s.  3d.  abroad.) 
Contents. 

Introductory— Hydrocarbon  Oils— Scotch  Shale  Oils— Petroleum— Vegetable  and 
Animal  Oils— Testing  and  Adulteration  of  Oils —Lubricating  Greases— Lubrication- 
Appendices— Index. 


TECHNOLOGY  OF  PETROLEUM  :  Oil  Fields  of  the 

World — Their  History,  Geography  and  Geology — Annual  Production 
and  Development — Oil-well  Drilling — Transport.  By  Henry  Neu- 

berger  and  Henry  Noalhat.  Translated  from  the  French  by  J.  G. 
McIntosh.  550  pp.  153  Illustrations.  26  Plates.  Super  Royal  8vo. 
Price  21s.  net.  (Post  free,  21s.  9d.  home;  23s.  6d.  abroad.) 
Contents. 

Study  of  the  Petroliferous  Strata. 

Excavations — Hand  Excavation  or  Hand  Digging  of  Oil  Wells. 

Methods  of  Boring. 

Accidents — Boring  Accidents — Methods  of  preventing  them — Methods  of  remedying  them 
—Explosives  and  the  use  of  the  “Torpedo”  Levigation — Storing  and  Transport  of  Petroleum 
— General  Advice — Prospecting,  Management  and  carrying  on  of  Petroleum  Boring  Operations. 

General  Data — Customary  Formulae — Memento.  Practical  Part.  General  Data 
tbearing  on  Petroleum — Glossary  of  Technical  Terms  used  in  the  Petroleum  Industry — Copious 
llndex. 

THE  PRACTICAL  COMPOUNDING  OF  OILS,  TAL¬ 
LOW  AND  GREASE  FOR  LUBRICATION,  ETC. 

By  An  Expert  Oil  Refiner.  Second  Edition.  100  pp.  Demy  8vo. 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Introductory  Remarks  on  the  General  Nomenclature  of  Oils,  Tallow  and  Greases 

nuitable  for  Lubrication  —  Hydrocarbon  Oils  —  Animal  and  Fish  Oils  —  Compound 
Oils— Vegetable  Oils— Lamp  Oils— Engine  Tallow,  Solidified  Oils  and  Petroleum 
Jelly  — Machinery  Greases:  Loco  and  Anti-friction— Clarifying  and  Utilisation 
of  Waste  Fats,  Oils,  Tank  Bottoms,  Drainings  of  Barrels  and  Drums,  Pickings 
Up,  Dregs,  etc.— The  Fixing  and  Cleaning  of  Oil  Tanks,  etc. — Appendix  and 
General  Information. 


ANIMAL  FATS  AND  OILS :  Their  Practical  Production 

Purification  and  Uses  for  a  great  Variety  of  Purposes.  Their  Pro¬ 
perties,  Falsification  and  Examination.  Translated  from  the  German 
of  Louis  Edgar  Andes.  Sixty-two  Illustrations.  240  pp.  Second 
Edition,  Revised  and  Enlarged.  Demy  8vo.  Price  10s.  6d.  net. 
(Post  free,  10s.  lOd.  home;  11s.  3d.  abroad.) 

Contents. 

Introduction — Occurrence,  Origin,  Properties  and  Chemical  Constitution  of  Animal  Fats — 
Preparation  of  Animal  Fats  and  Oils — Machinery — Tallow-melting  Plant — Extraction  Plant 
—Presses — Filtering  Apparatus — Gutter  :  Raw  Material  and  Preparation,  Properties,  Adul¬ 
terations,  Beef  Lard  or  Remelted  Butter,  Testing — Candle-fish  Oil — Mutton-Tallow — Hare 
Fat — Goose  Fat — Neatsfoot  Oil — Bone  Fat:  Bone  Boiling,  Steaming  Bones,  Extraction, 
Refining — Bone  Oil — Artificial  Butter:  Oleomargarine,  Margarine  Manufacture  in  France, 
Grasso’s  Process,  “  Kaiser's  Butter,”  Jahr  &  Miinzberg’s  Method,  Filbert’s  Process,  Winter’s 
Method — Human  Fat — Horse  Fat— Beef  Marrow — Turtle  Oil — Hog’s  Lard:  Raw  Material — 
Preparation,  Properties,  Adulterations,  Examination — Lard  Oil — Fish  Oils — Liver  Oils — 
Artificial  Train  Oil — Wool  Fat:  Properties,  Purified  Wool  Fat — Spermaceti:  Examination 
of  Fats  and  Oils  in  General. 


THE  MANUFACTURE  OF  LUBRICANTS,  SHOE 
POLISHES  AND  LEATHER  DRESSINGS.  By 

Richard  Brunner.  Translated  from  the  Sixth  German  Edition  by 
Chas.  Salter.  10  Illustrations.  Crown  8vo.  170  pp.  Price  7s.  6d. 
net.  (Post  free,  7s.  lOd.  home ;  8s.  abroad.) 

Contents. 

The  Manufacture  of  Lubricants  and  Greases — Properties  of  the  Bodies  used  as  Lubricants 
— Raw  Materials  for  Lubricants — Solid  Lubricants — Tallow  Lubricants — Palm  Oil  Greases — 
Lead  Soap  Lubricants — True  Soap  Greases — Caoutchouc  Lubricants — Other  Solid  Lubricants 
— Liquid  Lubricants — Lubricating  Oils  in  General — Refining  Oils  for  Lubricating  Purposes — 
Cohesion  Oils — Resin  Oils — Lubricants  of  Fat  and  Resin  Oil — Neatsfoot  Oil — Bone  Fat — • 
Lubricants  for  Special  Purposes — Mineral  Lubricating  Oils — CiocUmakers’  and  Sewing  Ma¬ 
chine  Oils — The  Application  of  Lubricants  to  Machinery — Removing  Thickened  Grease  and 
Oil — Cleaning  Oil  Rags  and  Cotton  Waste — The  Use  of  Lubricants — Shoe  Polishes  and 
Leather  Softening  Preparations — The  Manufacture  of  Shoe  Polishes  and  Preparations  for 
Varnishing  and  Softening  Leather — The  Preparation  of  Bone  Black — Blacking  and  Shoe 
Polishes — Leather  Varnishts  -Leather  Softening  Preparations — The  Manufacture  of  D6gras. 


THE  OIL  MERCHANTS’  MANUAL  AND  OIL  TRADE 
READY  RECKONER.  Compiled  by  Frank  F.  Sherriff. 
Second  Edition  Revised  and  Enlarged.  Demy  8vo.  214  pp.  1904. 
With  Two  Sheets  of  Tables.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home  ;  8s.  3d.  abroad.)  , 

Contents. 

Trade  Terms  and  Customs— Tables  to  Ascertain  Value  of  Oil  sold  per  cwt.  or  ton — Specific 
Gravity  Tables — Percentage  Tare  Tables — Petroleum  Tables — Paraffine  and  Benzoline  Calcu¬ 
lations — Customary  Drafts — Tables  for  Calculating  Allowance  for  Dirt,  Water,  etc. — Capacity 
of  Circular  Tanks  Tables,  etc.,  etc. 

VEGETABLE  FATS  AND  OILS :  Their  Practical  Prepara¬ 
tion,  Purification  and  Employment  for  Various  Purposes,  their  Proper¬ 
ties,  Adulteration  and  Examination.  Translated  from  the  German  of 
Louis  Edgar  Andes.  Ninety-four  Illustrations.  340  pp.  Second 
Edition.  Demy  8vo.  Price  10s.  6d.  net.  (Post  free,  11s.  home; 
11s.  6d.  abroad.) 

Essential  Oils  and  Perfumes. 


THE  CHEMISTRY  OF  ESSENTIAL  OILS  AND  ARTI 
FIGIAL  PERFUMES.  By  Ernest  J.  Parry,  B.Sc. 
(Lond.),  F.I.C.,  F.C.S.  411  pp.  20  Illustrations.  Demy  8vo.  Price 
12s.  6d.  net.  (Post  free,  13s.  home  ;  13s.  6d.  abroad.) 

Contents. 

The  General  Properties  of  Essential  Oils— Compounds  occurring  in  Essential  Oils 
— The  Preparation  of  Essential  Oils — The  Analysis  of  Essential  Oils— Systematic 
Study  of  the  Essential  Oils — Terpeneless  Oils— The  Chemistry  of  Artificial  Perfumes 
— Appendix  :  Table  of  Constants — Index. 


Soaps. 

SOAPS.  A  Practical  Manual  of  the  Manufacture  of  Domestic, 
Toilet  and  other  Soaps.  By  George  H.  Hurst,  F.C.S.  2nd  edition. 
390  pp.  66  Illustrations.  Price  12s.  6d.  net.  (Post  free,  13s.  home  ; 
13s.  6d.  abroad.) 

Contents. 

Introductory— Soap-maker’s  Alkalies— Soap  Fats  and  Oils— Perfumes— Water  as 
a  Soap  Material— Soap  Machinery— Technology  of  Soap-making— Glycerine  in  Soap 
Lyes— Laying  out  a  Soap  Factory — Soap  Analysis — Appendices. 

TEXTILE  SOAPS  AND  OILS.  Handbook  on  the  Prepara¬ 
tion,  Properties  and  Analysis  of  the  Soaps  and  Oils  used  in  Textile 
Manufacturing,  Dyeing  and  Printing.  By  George  H.  Hurst,  F.C.S. 
Crown  8vo.  195  pp.  1904.  Price  5s.  net.  (Post  free,  5s.  4d.  home ; 
5s.  6d.  abroad.) 


SOAPS:  THEIR  MANUFACTURE  AND  ANALYSIS. 

By  Wm.  H.  Simmons,  B.Sc.  (Lond.),  F.C.S.  and  H.  A.  Appleton. 

[In  Preparation. 


Contents. 

Chapters  I.  Introduction. — Definition  and  Nature  of  Soap — Its  Action  as  a  Detergent- 
Views  of  Berzelius,  Persoz,  Rotondi,  Carpenter,  and  Hillyer.  11.  Constitution  of  Fats  and 
Oils  and  their  Saponification. — Researches  of  Chevreui  and  Lieb  g — Modern  Theories  of 
Hydrolysis — Saponification  by  (1)  Ferments :  Lipase,  Steapsin,  Emulsion,  Castor  Seed 
Ferment;  (2)  Water  ;  (3)  Accelerate*'  s  :  Hydrochloric  Acid,  Sulphuric  Acid,  Twitchell  s  Reagent; 
(4)  Bases  (a)  Without  Pressure,  (6)  With  Pressure,  Lime,  Magnesia,  Zinc  Oxide.  111.  Raw 
Materials  Used  in  Soap-making. — Tallow — Australian,  North  and  South  American  (Beef 
and  Mutton),  Oleostearine,  Home-melted  or  Town  Tallow — Lard — Cocoanut  Oil  (Cochin, 
Ceylon,  Coprah,  Pressed) — Palm  Kernol  Oil — Olive  Oil — Olive  Kernol — Cottonseed  Oil — 
Cottonseed  Stearin — Arachis — Sesame — Linseed — Castor — Waste  Fats  (a)  Bone  Fat,  (b) 
Kitchen  Fat  (Melted  Stuff) — Fatty  Acids — Stearines  from  Recovered  Oils  and  Greases — 
Rosin — Shew  Butter — Mowrah  Oil — Vegetable  Tallow — Various  New  Fats  Offered — Alkali 
(Caustic  and  Carbonate  Soda  and  Potash) — Silicate  of  Soda — Chloride  of  Soda — Water. 
IV.  Bleaching  and  Treatment  of  Oils  Intended  for  Soap-Making. — Bleaching  Crude 
Palm  Oil — Washing  Tallows — Refining  Crude  Cottonseed  Oil — Mechanical  Methods  of 
Purification — Treatment  with  Ozone,  Hydrogen  Peroxide,  Sodium  Peroxide,  etc.  V.  Soap- 
Making. — Classification  of  Soaps — Direct  Combination  of  Fatty  Acids  with  Alkali — Cold 
Process  ,Soaps — Saponification  under  Pressure — Soft  Soap — Hydrated  Marine  Soap — Curd 


Soap — Castile  Soap — Milling  Soap  Base — Yellow  Household  Soaps — Mottled  Soaps — Graining 
Out — Boiling  on  Strength — “Fitting” — Resting  for  Subsidence  of  Nigres,  Lyes,  etc. — 
Utilisation  and  Bleaching  of  Nigres.  VI.  household  and  “Boiled”  Toilet  Soaps. 
— Cleansing — Crutch  ng — Liquoring  of  Soaps — Neutralising,  Colouring  and  Perfuming  Un¬ 
milled  Toilet  Soaps — Medicating  Disinfectant  Soaps— Framing — Slabbing  and  Barring — 
Drying — Open  and  Close  Piling — Stamping.  VII.  Milled  Toilet  Soaps. — Drying— Milling — 
Incorporation  of  Colour  and  Perfume — Compressing,  Stamping — Wrapping  and  Packing — 
Transparent  and  Semi-transparent  Soaps — Albumen  Soaps — Milk,  Egg  and  Vegetable  Albu¬ 
men.  VIII.  Essential  Oils  and  Synthetic  Perfumes. — General  Remarks — Anisi — Aspic — 
Bay — Bergamot — Bitter  Almonds — Canada  Snake  Root — Cananga — Caraway — Cassia — 
Cedarvvood — Cinnamon — Citronella — Clove — Eucalyptus — Fennel — Geranium — Gingergrass  — 
Guaiac  Wood — Lavender — Lemon — Lime— Linalot — Marjoram — Nexoli — Orange— Orris  Con¬ 
crete — Palmaro-a — Patchouli — Pe  permint— Peru  Balsam  —  Petitgrain.—  Pimento  —  Rose — 
Rosemary — Sage — Sandalwood — Sassafras  —  Thyme  Rouge  —  Verbena  —  Vetivert — Winter- 
green — Ylanu-ylang — An  tipi  ne — Con  marine— Helio  tropin — Ionone — Mirbane — Musk  —  Niobi— 
Terebene — Terpineol— Vanillan.  IX.  Medicated  Soaps  and  Shaving  Creams. — Addition 
of  Medicaments — Borax — Carbolic — Birch  Tar  —  Ichthyol — Lysol  —  Mercury  Liniodide — 
Form  lin — Thymol,  etc.  X.  Industi  ial  Soaps. — Textile  Soaps — Miscellaneous  Soaps — 
Marking  Soaps.  XI.  Recovery  of  Glycerine  from  Lyes. — Treatment — Concentration — 
Purification  and  Distillation.  XII.  Analysis  of  Soap  and  Other  Products. — Methods  of 
Analysis — Comparative  Valuation  of  Soaps — Typical  Analysis.  XIII.  Statistics  of  Soap 
Industry. — Imports  and  Exports. 

Cosmetical  Preparations. 

COSMETICS  :  MANUFACTURE,  EMPLOYMENT 

AND  TESTING  OF  ALL  COSMETIC  MATERIALS 
AND  COSMETIC  SPECIALITIES.  Translated 

from  the  German  of  Dr.  Theodor  Roller.  Crown  8vo.  262  pp. 
Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

Contents. 

Purposes  and  Uses  of,  and  Ingredients  used  in  the  Preparation  of  Cosmetics — Preparation  of 
Perfumes  by  Pressure,  Distillation,  Maceration,  Absorption  or  Enfleurage,  and  Extraction 
Methods — Chemical  and  Animal  Products  used  in  the  Preparation  of  Cosmetics — Oils  and  Fats 
used  in  the  Preparation  of  Cosmetics — General  Cosmetic  Preparations — Mouth  Washes  and 
Tooth  Pastes — Hair  Dyes,  Hair  Restorers  and  Depilatories — Cosmetic  Adjuncts  and 
Specialities — Colouring  Cosmetic  Preparations — Antiseptic  Washes  and  Soaps— Toilet  and 
Hygienic  Soaps — Secret  Preparations  for  Skin,  Complexion,  Teeth,  Mouth,  etc. — Testing  and 
Examining  the  Materials  Employed  in  the  Manufacture  of  Cosmetics — Index. 

Glue,  Bone  Products  and 
Manures. 

GLUE  AND  GLUE  TESTING.  By  Samuel  Rideal,  D.Sc. 
(Lond.),  F.I.C.  Fourteen  Engravings.  144  pp.  Demy  8vo.  Price 
10s.  6d.  net.  (Post  free,  10s.  lOd.  home  ;  11s.  abroad.) 

Contents. 

Constitution  and  Properties:  Definitions  and  Sources,  Gelatine,  Chondrin  and  Allied 
Bodies,  Physical  and  Chemical  Properties,  Classification,  Grades  and  Commercial  Varieties 
—  Raw  Materials  and  Manufacture  :  Glue  Stock,  Lining,  Extraction,  Washing  and  Clari¬ 
fying,  Filter  Presses,  Water  Supply,  Use  of  Alkalies,  Action  of  Bacteria  and  of  Antiseptics, 
Various  Processes,  Cleansing,  Forming,  Drying,  Crushing,  etc.,  Secondary  Products — Uses 
of  Glue  :  Selection  and  Preparation  for  Use,  Carpentry,  Veneering,  Paper-Making,  Book¬ 
binding,  Printing  Rollers,  Hectographs,  Match  Manufacture,  Sandpaper,  etc.,  Substitutes  for 
other  Materials,  Artificial  Leather  and  Caoutchouc — Gelatine :  General  Characters,  Liquid 
Gelatine,  Photographic  Uses,  Size,  Tanno-,  Chrome  and  Formo-Gelatine,  Artificial  Silk, 
Cements,  Pneumatic  Tyres,  Culinary,  Meat  Extracts,  Isinglass,  Medicinal  and  other  Uses, 
Bacteriology — Glue  Testing  :  Review  of  Processes,  Chemical  Examination,  Adulteration, 
Physical  Tests,  Valuation  of  Raw  Materials — Commercial  Aspects. 

BONE  PRODUCTS  AND  MANURES  :  An  Account  of  the 

most  recent  Improvements  in  the  Manufacture  of  Fat,  Glue,  Animal 
Charcoal,  Size,  Gelatine  and  Manures.  By  Thomas  Lambert,  Techni¬ 
cal  and  Consulting  Chemist.  Illustrated  by  Twenty-one  Plans  and 
Diagrams.  162  pp.  Demy  8vo.  Price7s.6d.net.  (Post  free,  7s.  lOd. 
home  ;  8s.  abroad.) 

Contents. 

Chemical  Composition  of  Bones — Arrangement  of  Factory — Properties  of  Glue — Glutin 
and  Chondrin — Skin  Glue — Liming  of  Skins — Washing — Boiling  of  Skins — Clarification  of  Glue 
Liquors — Glue-Boiling  and  Clarifying-House — Specification  of  a  Glue — Size — Uses  and  Pre- 
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paration  and  Composition  of  Size — Concentrated  Size n  ,  ..  _ 

Raw  BcneL-I^BrLsE[  Bo^es  CrM^Th°SPoatceS7C°mr,os,t,on-Manufa«l‘'-e--Com,non 

Chemicals,  Waste  Products  and 
Agricultural  Chemistry. 

REISSUE  OF  CHEMICAL  ESSAYS  OF  C.  W. 
SCHEELE.  First  Published  in  English  in  1786.  Trans- 

nntedr£°m  oie  Andemcy  °f  Sciencesat  Stockholm,  with  Additions.  300 
pp.  Demy  8vo.  Price  5s.  net.  (Post  free,  5s.  6d.  home  ;  5s.  9d.  abroad.) 

Concerning  Fluor  Minerals  h  On  'm  a  Y  by  Mr'  Wiegler-Additiona!  Information' 

oii^Et her— Index. Ue" ‘  ^  °f  ^  Pond~  -  Tungsten-Experiments  an" Obs^v atlons 

THE  MANUFACTURE  OF  ALUM  AND  THE  SUL- 
1UAND  OTHER  salts  OF  ALUMINA  AND 

VT^r  nheir  Uses  and  Applications  as  Mordants  in  Dyeing 
fares0  ^an° to nnpn8’- and  their.  otl?er  Applications  in  the  Arts,  Manufac? 
from  Vhf  r  7  ?ng'nIeering-  -Agriculture  and  Horticulture.  Translated 
J  DnCh  i°o  LaCIEN  Geschwind'  195  Illustrations.  400  pp 
Royal  8vo.  Pncel2s.6d.net.  (Post  free,  13s.  home  ;  13s.  6d  abroad  j 
T.  „  Contents. 

Lime  Washes-Pryparation  of  Non-inflammable  Wood ,  e^c- Pm-i H "a t ion ‘ of  Was te’^VVa tei^ 

or  ^Femi  n  ous*  ^rc^udts —  A  I  uni  m  i  u  nf  A'«*";nl«'n-Analysis  of  Various  Aluminous 

AMMONIA  AND  ITS  COMPOUNDS  :  Their  Manufacture 

Arts  By  1LLE  X1N-CENT’  Professor  at  the  Central  School  of 

sIltfr  d  Manufactures,  Paris.  Translated  from  the  French  by  M.  J. 

i  Pnet  L  .  Rc  y  4  .8Y°-  1 14  PP-  Thirty-two  Illustrations.  Price  5s.  net. 

(I  ost  fiee,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

~  Contents. 

as  a  eSou“leC°o"S,A?nmtn,n^S:p\ari0*iS  Sourfces  of  Ammoniacal  Products;  Human  Urine 

Extraction  of  Ammo„  a  f7nm  n?  °l ,  °f  A™m0niaCal  Products  from  Sewage- 
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INDUSTRIAL  ALCOHOL.  A  Practical  Manual  on  the 

Production  and  Use  of  Alcohol  for  Industrial  Purposes  and  for  Use  as 
a  Heating  Agent,  as  an  Illuminant  and  as  a  Source  of  Motive  Power. 

By  J  G  M'Intosh,  Lecturer  on  Manufacture  and  Applications  or 
Industrial  Alcohol  at  The  Polytechnic,  Regent  Street  London. 
Demy  Svo.  1907.  250  pp.  With  75  Illustrations  and  25  I  ables. 
Price  7s.  6d.  net.  (Post  free,  7s.  9d.  home  ;  8s.  abroad.) 

Contents.  ,  .  .  , 

Prnnerties  —  Ethylic  Alcohol— Absolute  Alcohol— Adulterations— 
Properties  of  Alcohol— Fractional  Distillation— Destructive  Distillation— Products  of  Com¬ 
bustion — Alcoholometry — Proof  Spirit— Analysis  of  Alcohol— Table  showing  Correspondence 
between  the  Specific  Gravity  and  Per  Cents,  of  Alcohol  over  and  under  Proof 
Alcohol  Tables.  Continuous  Aseptic  and  Antiseptic  Fermentation  and  Sterilisation 
In  Industrial  Alcohol  Manufacture.  The  Manufacture  of  Industrial  Alcohol  from 
Fleets —Beet  Slicing  Machines— Extraction  of  Beet  Juice  by  Maceration  by  Diffusion- 
Fermentation  in  Beet" Distilleries— Plans  of  Modern  Beet  Distillery.  The  Manufacture  of 
Industrial  Alcohol  from  Grain.— Plan  of  Modern  Grain  Distillery.  The  Manufacture  of 
Industrial  Alcohol  from  Potatoes.  The  Manufacture  of  Industrial  Alcohol  from 
SurDlus  Stocks  of  Wine,  Spoilt  Wine,  Wine  Marcs,  and  from  Fruit  in  General.  1  he  Manu¬ 
facture  of  Alcohol  from  the  Sugar  Cane  and  Sugar  Cane  Molasses— Plans.  Plant,  etc., 
for  the  Distillation  and  Rectification  of  Industrial  Alcohol.— The  Caffey  and  other 
"°Patent  "  Stills— Intermittent  versus  Continuous  Rectification— Continuous  Distillation 
Rectification  of  Spent  Wash.  The  Manufacture  and  Uses  of  Various  Alcohol 
Derivatives  Ether,  Haloid  Ethers,  Compound  Ethers,  Chloroform— Methyl  and  Amy 
Alcohols  and ’their  Ethereal  Salts,  Acetone— Barbet’s  Ether,  Methyl  Alcohol  and  Acetone 
Rectifying  Stills.  The  Uses  of  Alcohol  in  Manufactures,  etc.— List  of  Industries  in 
which  ^Alcohol  is  used,  with  Key  to  Function  of  Alcohol  in  each  Industry.  The  Uses  of 
Alcohol  for  Lighting,  Heating,  and  Motive  Power. 

ANALYSIS  or  RESINS  AND  BALSAMS.  Translated 

from  the  German  of  Dr.  Karl  Dieterich.  Demy  8vo  340  pp. 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  3d.  abroad.) 

MANUAL  OF  AGRICULTURAL  CHEMISTRY.  By 

Herbert  Ingle,  F.I.C.,  Lecturer  on  Agricultural  Chemistry,  the 
Yorkshire  College;  Lecturer  in  the  Victoria  University.  Second 
Edition.  388  pp.  11  Illustrations.  Demy  8vo.  Price  /s.  bd.  ne  .  : 

(Post  free,  8s.  home  ;  8s.  6d.  abroad.) 

Contents,  .  _ 

Introduction-The  Atmosphere-The  Soil— The  Reactions  occurring  in  Soils- 1  he 
Analysis  of  Soils— Manures,  Natural— Manures  (continued)— The  Analysis  of  Manures 
Constftuents  of  Plants-Th;  Plant-Crops  -The  Animal-Foods  and  Feeding-Milk  and  Milk 
Products— The  Analysis  of  Milk  and  Milk  Products— Miscellaneous  Products  used  in  Ag 
culture — Appendix — Index. 

THE  UTILISATION  OF  WASTE  PRODUCTS.  A  Treatise 

on  the  Rational  Utilisation,  Recovery  and  Treatment  of  Waste  Pro¬ 
ducts  of  all  kinds.  By  Dr.  Theodor  Roller.  Translated  from  the 
Second  Revised  German  Edition.  Twenty-two  Illustrations.  Demy 
Svo.  280  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  3d.  j 
abroad.) 

Contents.  ,  . 

The  Waste  of  Towns-Ammonia  and  Sal-Ammoniac- Rational  Processes  for  Obtaining 
these  Substances  bv  Treating  Residues  and  Waste— Residues  in  the  Manufacture  of  Aniline 
Dves  -Amber  Waste-Brewers’  Waste- Blood  and  Slaughter-House  Refuse-Manufactured 
Fuels-Waste  paper  and  Bookbinders’  Waste-Iron  Slags-Excrement-Colouring  Matters  ; 
from  YVaste-Dvers’  Waste  Waters-Fat  from  Waste-Fish  Waste-Calamine  Sludge- 

Tannery  Waste— Gold  and  Silver  Waste— India-rubber  and  Caoutchouc  Waste— Residues  in 

7henMaLfecture  of  Rosfn  Od-Wood  Waste-Horn  Waste-Infusonal  E-th-Iridium  from 
Goldsmiths'  Sweepings— Jute  Waste— Cork  Waste— Leather  Waste— Glue  Makers  vv<».-,re 
^-Illuminating  Gas  from  Waste  and  the  By-Products  of  the  Manufacture  of  Coal  Gas 
Meerschum-  Molasses-Metal  Waste- By-Products  in  the  Manufacture  of  Mineral  Waters 
-Fruit-The  By-Products  of  Paper  and  Paper  Pulp  Works-By-Products  in  the  Treatment 
of  Coal  Tar  Oils— Fur  Waste— The  Waste  Matter  in  the  Manufacture  of  Pai  chment  Pap 
—Mother  of  Pearl  Waste-Petroleum  Residues- Platinum  Residues-Broken  Porcela.m 
Earthenware  and  Glass-Salt  Waste-Slate  Waste-Sulphur- I^rnt  Pyntes-Silk  Waste 

cnan  Makers’  Waste— Alkali  Waste  and  the  Recovery  of  Soda— Waste  Produced  in  Grinding 
Mirrors— Waste  Products^1  in  the  Manufacture  of  Starch-Stearic  Acd-Vegetable  ivory 
Waste-Turf- Waste  Waters  of  Cloth  Factories-Wine  Residues-!. nplate  Waste-Wool 
Waste— Wool  Sweat— The  Waste  Liquids  from  Sugar  Works— Index. 
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Writing  Inks  and  Sealing  Waxes. 

INK  MANUFACTURE  :  Including  Writing,  Copying,  Litho¬ 
graphic,  Marking,  Stamping,  and  Laundry  Inks.  By  Sigmund  Lehner. 
Three  Illustrations.  Crown  8vo.  162  pp.  Translated  from  the  German 
of  the  Fifth  Edition.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  6d. 
abroad.) 

Contents. 

of  thrTeanen1n0fInC«~^riting/nll^_RaWTM,aterjalsof  Tannin  Inks-The  Chemical  Constitution 
^  ^eC,peSf?rrTann^  Inks  Logwood  Tannin  Inks-Ferric  Inks-Alizarine 
Inks-Ink  FvlI^f  LagD°°  j  Inks-C°Pyl?«  Inks — Hektographs — Hektograph  Inks-Safety 
Faded1  WHrins  Cnfnd  Inks-Changes  in  Ink  and  the  Restoration  of 

Inks-M^ta  h>glTl£  i  a®d  IInl)S_rReu  lnkrB'Ue  Inks — Violet  Inks-Yellow  Inks-Green 
—  nl,  o„‘a  LInksTIndlan,  In.k__,L'thograPhlc  Inks  and  Pencils— Ink  Pencils— Marking  Inks 
Ink  Specialities— Sympathetic  Inks— Stamping  Inks— Laundry  or  Washing  Blue— Index 

SEALING-WAXES,  WAFERS  AND  OTHER  ADHES¬ 
IVES  FOR  THE  HOUSEHOLD,  OFFICE,  WORK¬ 
SHOP  AND  FACTORY.  By  H.  C.  Standage.  Crown 

8vo.  96  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home ;  5s.  4d.  abroad.) 

Contents. 

WawJ^A?1?  Usef|  for  Making  Sealing- Waxes-The  Manufacture  of  Sealing-Waxes— 
for  fUse  in  the  °H  ^  the  Materials  Used  in  Making  Adhesive  Compounds-Cements 

Factor"  “ndwSffl^u'^®66  GUmS’  ^  ^  Macilag— Adl--'e  Compounds  for 

Lead  Ores  and  Compounds. 

LEmDFA1P  *TS  COMPOUNDS.  By  Thos.  Lambert, 
technical  and  Consulting  Chemist.  Demy  8vo.  226  pp.  Forty  Illus- 
(Post  free,  7s.  lOd.  home;  8s.  3d.  abroad.) 


trations.  Price  7s.  6d.  net. 


Contents. 

History— Ores  of  Lead— Geographical  Distribution  of  the  Lead  Industry— Chemical  and 
Physical  Properties  of  Lead-Alloys  of  Lead-Compounds  of  Lead-Dressing  of  Lead  Ores 
Smeltmg  of  Lead  Ores— Smelting  in  the  Scotch  or  American  Ore-hearth— Smelting  in  the 
Shaft,  or  Blast  Furnace-Condensation  of  Lead  Fume-Desilverisation  or  the  Sefarat  on 
Sheets— Pr  r°m.  .^S^nLferous  Lead — Cupellation — The  Manufacture  of  Lead  Pipes  and 
^ r Protoxide  of  Lead— Litharge  and  Massicot— Red  Lead  or  Minium— Lead  Poisonine 
— rvi  df  Substitutes— Zinc  and  its  Compounds— Pumice  Stone— Drying  Oils  and  Siccatives 
Products-Tab"es-Indexn~ClaSS,fiCatiO"  °f  Mineral  Pi8ments-Analysis  of  Raw  and  Finished 

NOTES  ON  LEAD  ORES  :  Their  Distribution  and  Properties. 

my  JAS-  Fairie1  FGS-  Crown  8vo.  64  pages.  Price  2s.  6d.  net.' 
(Post  free,  2s.  9d.  home ;  3s.  abroad.) 

(White  Lead  and  Zinc  White  Paints,  see  />.  4.) 


Industrial  Hygiene. 


THE  RISKS  AND  DANGERS  TO  HEALTH  OF  VARI 
OUS  OCCUPATIONS  AND  THEIR  PREVENTION 

By  Leonard  A.  Parry,  M.D.,  B.Sc.  (Lond.).  196  pp.  Demy  8vo! 
I  nee  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.)  Y 

Contents. 
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Industrial  Uses  of  Air,  Steam  and 

Water. 


DRYING  BY  MEANS  OF  AIR  AND  STEAM.  Explana¬ 
tions,  Formulae,  and  Tables  for  Use  in  Practice.  Translated  from  the 
German  of  E.  Hausbrand.  Two  folding  Diagrams  and  Thirteen  Tables. 
Crown  8vo.  72  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  bd. 
abroad.) 

Contents. 


British  and  Metric  Systems  Compared— Centigrade  and  Fahr.  Thermometers  Estimation 
of  the  Maximum  Weight  of  Saturated  Aqueous  Vapour  which  can  be  contained  in  1  o. 
of  Air  atDifferent  Pressure  and  Temperatures-Calculation  of  the  Necessary  We, ght  and 
Volume  of  Air,  and  of  the  Least  Expenditure  of  Heat,  pet  Drying  Apparatus  w  i  h  Heated 
Air  at  the  Atmospheric  Pressure:  ,4,  With  the  Assumption  that  the  Air  is  ComP,efflS‘ 
ated  with  Vapour  both  before  Entry  and  after  Exit  from  the  Apparatus-B,  When he 
Atmosoheric  Air  is  Completely  Saturated  before  entry,  but  at  its  exit  is  only  |,  \  or  J  Saturated 
_ r  When  the  Atmospheric  Air  is  not  Saturated  with  Moisture  before  Entering  the  Drying 
Annaratus-Drying  Apparatus,  in  which,  in  the  Drying  Chamber,  a  Pressures  Artificially 
Created,  Highe^  or  Lower  than  that  of  the  Atmosphere— Drying  by  Means  of  SuPfrheate 
Steam,  without  Air— Heating  Surface,  Velocity  of  the  Air  Current,  Dimensions  of  the  Dry  g 
Room,  Surface  of  the  Drying  Material,  Losses  of  Heat— Index. 

(See  also  “  Evaporating,  Condensing  and  Cooling  Apparatus,"  p.  26.) 


PURE  AIR,  OZONE  AND  WATER.  A  Practical  Treatise 

of  their  Utilisation  and  Value  *in  Oil,  Grease,  Soap,  Paint,  Glue  and 
other  Industries.  By  W.  B.  Cowell.  Twelve  Illustrations.  Crown 
8vo.  85  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  os.  6d.  abroad.) 


Contents. 

Atmosnheric  Air  ■  Lifting  of  Liquids;  Suction  Process;  Preparing  Blown  Oils;  Preparing 
Siccative  Drying  Oils— Compressed  Air;  Whitewash— Liquid  Air;  Retrocession— Purification 
of  Water;  Water  Hardness- Fleshings  and  Bones— Ozonised  Air  in  the  B'eachmg  and 1  De 
odorising  of  Fats,  Glues,  etc. ;  Bleaching  Textile  Fibres- Appendix  :  Air  and  Gases  .Pressure 
of  Air  at  Various  Temperatures ;  Fuel:  Table  of  Combustibles,  Saving  of  F  y  g 

Feed  Water;  Table  of  Solubilities  of  Scale  Making  Minerals:  British  Thermal  Units  Tables. 
Volume  of  the  Flow  of  Steam  into  the  Atmosphere ;  Temperature  of  Steam  Index. 


THE  INDUSTRIAL  USES  OF  WATER.  COMPOSI¬ 
TION  _ EFFECTS— TROUBLES  —  REMEDIES— RE¬ 

SIDUARY  WATERS-FURIFICATION— ANALYSIS 

Bv  H.  de  la  Coux.  Royal  8vo.  Translated  from  the  French  and 
Revised  by  Arthur  Morris.  364  pp.  135  Illustrations.  Price  10s.  bd. 
net.  (Post  free,  11s.  home;  11s.  6d.  abroad.) 

Contents. 

Chemical  Action  of  Water  in  Nature  and  in  Industrial  Use-  vtew-  Effects  ™ 

Solubility  of  Certain  Salts  in  Water  Considered  from  the  Industrial  Point  of  View  Jv!  p, 
the1  Boiling  of  Water-Effects  of  Water  in  the  Industries-D.fficult.es  with  Waters-Feed 
Water  for  Boilers- Water  in  Dyeworks,  Print  Works,  and  B'eac^  ^orks-Water  m  the 
Textile  Industries  and  ,n  Conditioning- Water  in  Soap  Works-Water. 

Washhouses- Water  in  Tanning- Water  ,n  Preparmg  Tann.n  and  Dye^ood  Hxtracts  VN  ate 
in  Papermaking- Water  in  Photography- Water  in  Sugar  Refining-Uater.n  Maknglces 
and  Beverages— Water  in  Cider  Making— Water  in  Brewing— W  ater  in  Distffl.ng 
Treatment  and  Apparatus-Substances  Used  for  Preliminary  Chemical  Purification-Com¬ 
mercial  Specialities'  and  their  Employment-Precipitation  of  Matters  in  Suspension  ^Ma^e 

-Apparatus  for  the  Preliminary  Chemical  Purification  of  Water-Industrial  Fdters  Indu^ 
trial  Sterilisation  of  Water- Residuary  Waters  and  their  Purification-Soil  Filtration 
Purification  by  Chemical  Processes — Analyses — Index. 

(See  Books  on  Smoke  Prevention.  Engineering  and  Metallurgy,  p.  26,  etc.) 
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X  Rays. 

PRACTICAL  X  RAY  WORK.  By  Frank  T.  Addyman, 

B.Sc.  (Lond.),  F.I.C.,  Member  of  the  Roentgen  Society  of  London; 
Radiographer  to  St.  George’s  Hospital ;  Demonstrator  of  Physics  and 
Chemistry,  and  Teacher  of  Radiography  in  St.  George’s  Hospital 
Medical  School.  Demy  8vo.  Twelve  Plates  from  Photographs  of  X  Ray 
Work.  Fifty-two  Illustrations.  200  pp.  Price  10s.  6d.  net.  (Post  free, 
10s.  lOd.  home;  11s.  3d.  abroad.) 

Contents. 

Historical — Work  leading  up  to  the  Discovery  of  the  X  Rays — The  Discovery — Appara= 
tus  and  its  Management — Electrical  Terms — Sources  of  Electricity — Induction  Coils— 
Electrostatic  Machines — Tubes — Air  Pumps — Tube  Holders  and  Stereoscopic  Apparatus — 
Fluorescent  Screens— Practical  X  Ray  Work— Installations— Radioscopy— Radiography— 
X  Rays  in  Dentistry — X  Rays  in  Chemistry — X  Rays  in  War — Index. 

List  of  Plates. 

frontispiece — Congenital  Dislocation  of  Hip-Joint.— 1.,  Needle  in  Finger.— II.,  Needle  in 
Foot.— III.,  Revolver  Bullet  in  Calf  and  Leg— IV.,  A  Method  of  Localisation.— V  ,  Stellate 
Fracture  of  Patella  showing  shadow  of  “  Strapping  ”.— VI.,  Sarcoma.— VII.,  Six-wceks-old 
Injury  to  Elbow  showing  new  Growth  of  Bone.— VIII.,  Old  Fracture  of  Tibia  and  Fibula 
badly  set. — IX.,  Heart  Shadow. — X.,  Fractured  Femur  showing  Grain  of  Splint. — XI.,  Bar¬ 
ren's  Method  of  Localisation. 


India-Rubber  and  Gutta  Percha. 

INDIA-RUBBER  AND  GUTTA  PERCHA.  Translated 
from  the  French  of  T.  Seeligmann,  G.  Lamy  Torvilhon  and  H. 
Falconnet  by  John  Geddes  McIntosh.  Royal  8vo. 

[Out  of  print.  Second  Edition  in  preparation. 

Contents. 

India-Rubber— Botanical  Origin— Climatology— Soil— Rational  Culture  and  Acclimation 
of  the  Different  Species  of  India-Rubber  Plants— Methods  of  Obtaining  the  Latex— Methods 
of  Preparing  Raw  or  Crude  India-Rubber — Classification  of  the  Commercial  Species  of 
Raw  Rubber— Physical  and  Chemical  Properties  of  the  Latex  and  of  India-Rubber— 
Mechanical  Transformation  of  Natural  Caoutchouc  into  Washed  or  Normal  Caoutchouc 
(Purification)  and  Normal  Rubber  into  Masticated  Rubber— Softening,  Cutting,  Washing, 
Drying— Preliminary  Observations— Vulcanisation  of  Normal  Rubber— Chemical  and  Physical 
Properties  of  Vulcanised  Rubber — General  Considerations — Hardened  Rubber  or  Ebonite — 
Considerations  on  Mineralisation  and  other  Mixtures — Coloration  and  Dyeing — Analysis 
of  Natural  or  Normal  Rubber  and  Vulcanised  Rubber— Rubber  Substitutes — Imitation  Rubber. 

Gutta  Percha — Botanical  Origin — Climatology — Soil— Rational  Culture— Methods  of 
Collection— Classification  of  the  Different  Species  of  Commercial  Gutta  Percha — Physical 
and  Chemical  Properties — Mechanical  Transformation — Methods  of  Analysing — Gutta  Percha 
Substitutes — Index. 


Leather  Trades. 

PRACTICAL  TREATISE  ON  THE  LEATHER  IN¬ 
DUSTRY.  By  A.  M.  Villon.  Translated  by  Frank  T. 
Addyman,  B.Sc.  (Lond.),  F.I.C.,  F.C.S. ;  and  Corrected  by  an  Emi¬ 
nent  Member  of  the  Trade.  500  pp.,  royal  8vo.  123  Illustrations. 
Price  21s.  net.  (Post  free,  21s.  6d.  home;  22s.  6d.  abroad.) 
r  „  Contents. 

Preface — Translator’s  Preface — List  of  Illustrations. 

Part  I„  Materials  used  in  Tanning— Skins:  Skin  and  its  Structure;  Skins  used  in 
Tanning;  Various  Skins  and  their  Uses — Tannin  and  Tanning  Substances:  Tannin;  Barks 
(Oak);  Barks  other  than  Oak;  Tanning  Woods;  Tannin-bearing  Leaves;  Excrescences; 
Tan-bearing  Fruits;  Tan-bearing  Roots  and  Bulbs;  Tanning  Juices;  Tanning  Substances 
used  in  Various  Countries:  Tannin  Extracts;  Estimation  of  Tannin  and  Tannin  Principles. 

Part  II.,  Tanning — The  Installation  of  a  Tannery:  Tan  Furnaces;  Chimneys,  Boilers, 
etc.:  Steam  Engines — Grinding  and  Trituration  of  Tanning  Substances:  Cutting  up  Bark; 
Grinding  Bark:  The  Grinding  of  Tan  Woods;  Powdering  Fruit,  Galls  and  Grains;  Notes  on 
the  Grinding  of  Bark— Manufacture  of  Sole  Leather:  Soaking;  Sweating  and  Unhairing; 
Plumping  and  Colouring;  Handling;  Tanning;  Tanning  Elephants’  Hides;  Drying; 
Striking  or  Pinning— Manufacture  of  Dressing  Leather:  Soaking;  Depilation;  New  Pro¬ 
cesses  for  the  Depilation  of  Skins;  Tanning;  Cow  Hides;  Horse  Hides;  Goat  Skins;  Manu¬ 
facture  of  Split  Hides— On  Various  Methods  of  Tanning :  Mechanical  Methods;  Physical 
Methods;  Chemical  Methods;  Tanning  with  Extracts — Quantity  and  Quality;  Quantity; 
Net  Cost;  Quality  of  Leather — Various  Manipulations  of  Tanned  Leather^  Second  Tanning; 
Grease  Stains;  Bleaching  Leather;  Waterproofing  Leather;  Weighting  Tanned  Leather; 
Preservation  of  Leather— Tanning  Various  Skins, 
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Part  III.,  Currying  —  Waxed  Calf:  Preparation;  Shaving;  Stretching  or  Slicking; 
Oiling  the  Grain;  Oiling  the  Flesh  Side ;  Whitening  and  Graining;  Waxing;  Finishing;  Dry 
Finishing;  Finishing  in  Colour;  Cost  —  White  Calf:  Finishing  in  White— Cow  Hide  for 
Upper  Leathers:  Black  Cow  Hide;  White  Cow  Hide;  Coloured  Cow  Hide— Smooth  Cow- 
Hide — Black  Leather — Miscellaneous  Hides:  Horse;  Goat;  Waxed  Goat  Skin;  Matt  Goat 
Skin — Russia  Leather:  Russia  Leather;  Artificial  Russia  Leather. 

Part  IV.,  Enamelled,  Hungary  and  Chamoy  Leather,  Morocco,  Parchment,  Furs 
and  Artificial  Leather— Enamelled  Leather:  Varnish  Manufacture;  Application  of  the 
Enamel;  Enamelling  in  Colour— Hungary  Leather:  Preliminary;  Wet  Work  or  Prepara¬ 
tion;  Aluming;  Dressing  or  Loft  Work;  Tallowing;  Hungary  Leather  from  Various  Hides 
— Taw-ing:  Preparatory  Operations;  Dressing;  Dyeing  Taw-ed  Skins;  Rugs- — Chamoy  Leather 
— Morocco:  Preliminary  Operations,  Morocco  Tanning;  Mordants  used  in  Morocco  Manu¬ 
facture;  Natural  Colours  used  in  Morocco  Dyeing;  Artificial  Colours;  Different  Methods 
of  Dyeing;  Dyeing  w-ith  Natural  Colours;  Dyeing  w-ith  Aniline  Colours;  Dyeing  with 
Metallic  Salts;  Leather  Printing ;  Finishing  Morocco  ;  Shagreen  ;  Bronzed  Leather— Gilding 
and  Silvering:  Gilding;  Silvering;  Nickel  and  Cobalt— Parchment— Furs  and  Furriery: 
Preliminary  Remarks;  Indigenous  Furs;  Foreign  Furs  from  Hot  Countries;  Foreign  Furs 
from  Cold  Countries;  Furs  from  Birds’  Skins;  Preparation  of  Furs;  Dressing;  Colouring  ; 
Preparation  of  Birds’  Skins;  Preservation  of  Furs — Artificial  Leather:  Leather  made  from 
Scraps;  Compressed  Leather;  American  Cloth  ;  Papier  M&ch6 ;  Linoleum  ;  Artificial  Leather. 

Part  V.,  Leather  Testing;  and  the  Theory  of  Tanning;— Testing  and  Analysis  of  Leather  : 
Physical  Testing  of  Tanned  Leather;  Chemical  Analysis— The  Theory  of  Tanning  and  the 
other  Operations  of  the  Leather  and  Skin  Industry:  Theory  of  Soaking;  Theory  of  Un¬ 
hairing;  Theory  of  Swelling;  Theory  of  Handling;  Theory  of  Tanning;  Theory  of  the 
Action  of  Tannin  on  the  Skin;  Theory  of  Hungary  Leather  Making;  Theory  of  Taw'ing; 
Theory  of  Chamoy  Leather  Making;  Theory  of  Mineral  Tanning. 

Part  VI.,  Uses  of  Leather— Machine  Belts:  Manufacture  of  Belting;  Leather  Chain 
Belts;  Various  Belts;  Use  of  Belts— Boot  and  Shoe-making:  Boots  and  Shoes;  Laces— 
Saddlery:  Composition  of  a  Saddle;  Construction  of  a  Saddle— Harness :  The  Pack  Saddle; 
Harness— Military  Equipment — Glove  Making — Carriage  Building — Mechanical  Uses. 

Appendix,  The  World’s  Commerce  in  Leather—  Europe ;  America;  Asia;  Africa; 
Australasia — Index. 

THE  LEATHER  WORKER’S  MANUAL.  Being  a  Com¬ 
pendium  of  Practical  Recipes  and  Working  Formulae  for  Curriers, 
Bootmakers,  Leather  Dressers,  Blacking  Manufacturers,  Saddlers, 
Fancy  Leather  Workers.  By  H.  C.  Standage.  Demy  8vo.  165  pp. 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Blackings,  Polishes,  Glosses,  Dressings,  Renovators,  etc.,  for  Boot  and  Shoe  Leather — 
Harness  Blackings,  Dressings,  Greases,  Compositions,  Soaps,  and  Boot-top  Powders  and 
Liquids,  etc.,  etc. — Leather  Grinders’  Sundries — Currier’s  Seasonings,  Blacking  Compounds, 
Dressings,  Finishes,  Glosses,  etc.— Dyes  and  Stains  for  Leather— Miscellaneous  Information 
— Chrome  Tannage — Index. 

Books  on  Pottery,  Bricks, 
Tiles,  Glass,  etc. 

THE  MANUAL  OF  PRACTICAL  POTTING.  Compiled 
by  Experts,  and  Edited  by  Chas.  F.  Binns.  Third  Edition,  Revised 
and  Enlarged.  200  pp.  Demy  8vo.  Price  17s.  6d.  net.  (Post  free, 
17s.  lOd.  home;  18s.  3d.  abroad.) 

Contents. 

Introduction.  The  Rise  and  Progress  of  the  Potter’s  Art— Bodies.  China  and  Porcelain 
Bodies,  Parian  Bodies,  Semi-porcelain  and  Vitreous  Bodies,  Mortar  Bodies,  Earthenw-ares 
Granite  and  C.C.  Bodies,  Miscellaneous  Bodies,  Sagger  and  Crucible  Clays,  Coloured 
Bodies,  Jasper  Bodies,  Coloured  Bodies  for  Mosaic  Painting,  Encaustic  Tile  Bodies,  Body 
Stains,  Coloured  Dips— Glazes.  China  Glazes,  Ironstone  Glazes,  Earthenware  Glazes, 
Glazes  without  Lead,  Miscellaneous  Glazes,  Coloured  Glazes,  Majolica  Colours— Gold  and 
Gold  Colours.  Gold,  Purple  of  Cassius,  Marone  and  Ruby,  Enamel  Coloured  Bases, 
Enamel  Colour  Fluxes,  Enamel  Colours,  Mixed  Enamel  Colours,  Antique  and  Vellum 
Enamel  Colours,  Underglaze  Colours,  Underglaze  Colour  Fluxes,  Mixed  Underglaze  Colours, 
Flow'  Powders,  Oils  and  Varnishes— Means  and  Methods.  Reclamation  of  Waste  Gold, 
The  Use  of  Cobalt,  Notes  on  Enamel  Colours,  Liquid  or  Bright  Gold— Classification  and 
Analysis.  Classification  of  Clay  Ware,  Lord  Playfair's  Analysis  of  Clays,  The  Markets  of 
the  World,  Time  and  Scale  ot  Firing,  Weights  of  Potter’s  Material,  Decorated  Goods 
Count— Comparative  Loss  of  Weight  of  Clays— Ground  Felspar  Calculations— The  Conver¬ 
sion  of  Slop  Body  Recipes  into  Dry  Weight— The  Cost  of  Prepared  Earthenware  Clay- 
Forms  and  Tables.  Articles  of  Apprenticeship,  Manufacturer’s  Guide  to  Stocktaking, 
Table  of  Relative  Values  of  Potter’s  Materials,  Hourly  Wages  Table,  Workman’s  Settling 
Table,  Comparative  Guide  for  Earthenware  and  China  Manufacturers  in  the  use  of  Slop  Flint 
and  Slop  Stone,  Foreign  Terms  applied  to  Earthenw'are  and  China  Goods,  Table  for  the 
Conversion  of  Metrical  Weights  and  Measures  on  the  Continent  and  South  America— Index. 
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CERAMIC  TECHNOLOGY :  Being  some  Aspects  of  Tech¬ 
nical  Science  as  Applied  to  Pottery  Manufacture.  Edited  by  Charles 
F.  Binns.  100  pp.  Demy  8vo.  Price  12s.  6d.  net.  (Post  free, 
12s.  lOd.  home;  13s.  abroad.) 

Contents. 

Preface— The  Chemistry  of  Pottery  —  Analysis  and  Synthesis  —  Clays  and  their  Com¬ 
ponents —  The  Biscuit  Oven  —  Pyronietry  —  Glazes  and  their  Composition  —  Colours  and 
Colour-making — Index. 

A  TREATISE  ON  THE  CERAMIC  INDUSTRIES.  A 

Complete  Manual  for  Pottery,  Tile  and  Brick  Works.  By  Emile 
Bourry.  Translated  from  the  French  by  Wilton  P.  Rix,  Examiner 
in  Pottery  and  Porcelain  to  the  City  and  Guilds  of  London  Technical 
Institute,  Pottery  Instructor  to  the  Hanley  School  Board.  Royal 
8vo.  760  pp.  323  Illustrations.  Price21s.net.  (Post  free,  22s.  home  ; 
24s.  abroad.) 

Contents. 

Part  I.,  General  Pottery  Methods.  Definition  and  History.  Definitions  and  Classifi¬ 
cation  of  Ceramic  Products— Historic  Summary  of  the  Ceramic  Art— Raw  Materials  of 
Bodies.  Clays:  Pure  Clay  and  Natural  Clays — Various  Raw  Materials:  Analogous  to  Clay — 
Agglomerative  and  Agglutinative— Opening— Fusible— Refractory— Trials  of  Raw  Materials 
Plastic  Bodies.  Properties  and  Composition — Preparation  of  Raw  Materials:  Disaggrega¬ 
tion— Purification— Preparation  of  Bodies:  By  Plastic  Method— By  Dry  Method— By  Liquid 
Method— Formation.  Processes  of  Formation:  Throwing— Expression— Moulding  by  Hand 
on  the  Jolley,  by  Compression,  by  Slip  Casting— Slapping— Slipping— Drying.  Drying  of 
Bodies— Processes  of  Drying  :  By  Evaporation— By  Aeration— By  Heating— By  Ventilation 
By  Absorption  —  Glazes.  Composition  and  Properties — Raw  Materials  —  Manufacture 
and  Application — Firing.  Properties  of  the  Bodies  and  Glazes  during  Firing — Description 
of  the  Kilns  Working  of  the  Kilns  —  Decoration.  Colouring  Materials  —  Processes  of 
Decoration. 

Part  II.,  Special  Pottery  Methods.  Terra  Cottas.  Classification:  Plain  Ordinary, 
Hollow,  Ornamental,  Vitrified,  and  Light  Bricks— Ordinary  and  Black  Tiles— Paving  Tiles— 
Pipes— Architectural  Terra  Cottas— Vases,  Statues  and  Decorative  Objects— Common  Pottery 
Pottery  for  Water  and  Filters — Tobacco  Pipes — Lustre  Ware — Properties  and  Tests  for 
Terra  Cottas  Fireclay  Goods.  Classification :  Argillaceous,  Aluminous,  Carboniferous, 
Silicious  and  Basic  Fireclay  Goods— Fireclay  Mortar  (Pug)— Tests  for  Fireclay  Goods— 
Faiences.  Varnished  Faiences— Enamelled  Faiences— Silicious  Faiences— Pipeclay  Faiences 
—Pebble  Work— Feldspathic  Faiences— Composition,  Processes  of  Manufacture  and  General 
Arrangements  of  Faience  Potteries— Stoneware.  Stoneware  Properly  So-called:  Paving 
Tiles  Pipes  Sanitary  Ware — Stoneware  for  Food  Purposes  and  Chemical  Productions — 
Architectural  Stoneware— Vases,  Statues  and  other  Decorative  Objects— Fine  Stoneware 
—Porcelain.  Hard  Porcelain  for  Table  Ware  and  Decoration,  for  the  Fire,  for  Electrical 
Conduits,  for  Mechanical  Purposes;  Architectural  Porcelain,  and  Dull  or  Biscuit  Porcelain- 
Soft  Phosphated  or  English  Porcelain— Soft  Vitreous  Porcelain,  French  and  New  Sevres- 
Argillaceous  Soft  or  Seger’s  Porcelain— Dull  Soft  or  Parian  Porcelain— Dull  Feldspathic 
Soft  Porcelain — Index. 

POTTERY  DECORATING,  A  Description  of  all  the  Pro¬ 
cesses  for  Decorating  Pottery  and  Porcelain.  By  R.  Hainbach. 
Translated  from  the  German.  Crown  8vo.  250  pp.  Twenty-two 
Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Glazes  and  Rngobes. — Glazes  and  Their  Composition — -Glaze  Materials — The  Prepara¬ 
tion  of  Glazts — Coloured  Glazes — Engobes  and  Glazes  for  same — Porcelain  Glazes.  Ceramic 
Colours. — Preparation  of  Pure  Colours — Underglaze  Colours — Applying  the  Colours  on 
Earthenware — Glost  Fire  Colours — Muffle  Colours — Decorating  Porcelain  with  Metals — - 
Decorating  Porcelain  by  Electroplating— Lustre  Decorating  on  Porcelain— Firing  Muffle 
Colours — Imitation  of  Paintings  on  Porcelain — Index. 

ARCHITECTURAL  POTTERY.  Bricks,  Tiles,  Pipes,  Ena¬ 
melled  Terra-cottas,  Ordinary  and  Incrusted  Quarries,  Stoneware 
Mosaics,  Faiences  and  Architectural  Stoneware.  By  Leon  Lefevre. 
Translated  from  the  French  by  K.  H.  Bird,  M.A.,  and  W.  Moore 
Binns.  With  Five  Plates.  950  Illustrations  in  the  Text,  and  numerous 
estimates.  500  pp.,  royal  8vo.  Price  15s.  net.  (Post  free,  15s.  6d. 
home  ;  16s.  6d.  abroad.) 

Contents. 

Part  I.  Plain  Undecorated  Pottery. — Clays,  Bricks,  Tiles,  Pipes,  Chimney  Flues, 
Terra-cotta. 

Part  II.  Made-up  or  Decorated  Pottery. 
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THE  ART  OF  RIVETING  GLASS,  CHINA  AND 
EARTHENWARE.  By  J.  Howarth.  Second  Edition. 
Paper  Cover.  Price  Is.  net.  (By  post,  home  or  abroad,  Is.  Id.) 

NOTES  ON  POTTERY  CLAYS.  The  Distribution,  Pro¬ 
perties,  Uses  and  Analyses  of  Ball  Clays,  China  Clays  and  China 
Stone.  By  Jas.  Fairie,  F.G.S.  132  pp.  Crown  8vo.  Price  3s.  6d. 
net.  (Post  free,  3s.  9d.  home  ;  3s.  lOd.  abroad.) 

A  Reissue  of 

THE  HISTORY  OF  THE  STAFFORDSHIRE  POTTER¬ 
IES ;  AND  THE  RISE  AND  PROGRESS  OF  THE 
MANUFACTURE  OF  POTTERY  AND  PORCELAIN. 

With  References  to  Genuine  Specimens,  and  Notices  of  Eminent  Pot¬ 
ters.  By  Simeon  Shaw.  (Originally  Published  in  1829.)  265  pp. 

Demy  8vo.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  3d.  abroad.) 

Contents. 

Introductory  Chapter  showing  the  position  of  the  Pottery  Trade  at  the  present  time 
(1899)— Preliminary  Remarks— The  Potteries,  comprising  Tunstall,  Brownhills,  Green¬ 
field  and  New  Field,  Golden  Hill,  Latebrook,  Green  Lane,  Burslem,  Longport  and  Dale  Hall, 
Hot  Lane  and  Cobridge,  Hanley  and  Shelton,  Etruria,  Stoke,  Penkhull,  Fenton,  Lane  Delph, 
Foley,  Lane  End— On  the  Origin  of  the  Art,  and  its  Practice  among  the  early  Nations— 
Manufacture  of  Pottery,  prior  to  1700 — The  Introduction  of  Red  Porcelain  by  Messrs. 
Elers,  of  Bradwell,  1690— Progress  of  the  Manufacture  from  1700  to  Mr.  Wedgwood’s 
commencement  in  1760 — Introduction  of  Fluid  Glaze — Extension  of  the  Manufacture  of 
Cream  Colour — Mr.  Wedgwood’s  Queen’s  Ware — Jasper,  and  Appointment  of  Potter  to  Her 
Majesty— Black  Printing— Introduction  of  Porcelain.  Mr.  W.  Littler’s  Porcelain— Mr. 
Cookworthy’s  Discovery  of  Kaolin  and  Petuntse,  and  Patent — Sold  to  Mr.  Champion  re¬ 
sold  to  the  New  Hall  Com— Extension  of  Term— Blue  Printed  Pottery.  Mr.  Turner,  Mr. 
Spode  (1),  Mr.  Baddeley,  Mr.  Spode  (2),  Messrs.  Turner,  Mr.  Wood,  Mr.  Wilson,  Mr.  Minton- 
Great  Change  in  Patterns  of  Blue  Printed— Introduction  of  Lustre  Pottery.  Improve¬ 
ments  in  Pottery  and  Porcelain  subsequent  to  1800. 

A  Reissue  of 

THE  CHEMISTRY  OF  THE  SEVERAL  NATURAL 
AND  ARTIFICIAL  HETEROGENEOUS  COM¬ 
POUNDS  USED  IN  MANUFACTURING  POR¬ 
CELAIN,  GLASS  AND  POTTERY.  By  Simeon  Shaw. 

(Originally  published  in  1837.)  750  pp.  Royal  8vo.  Pricel4s.net.  (Post 
free,  15s.  home;  17s.  abroad.) 

Glassware,  Glass  Staining  and 
Painting. 

RECIPES  FOR  FLINT  GLASS  MAKING.  By  a  British 

Glass  Master  and  Mixer.  Sixty  Recipes.  Being  Leaves  from  the 
Mixing  Book  of  several  experts  in  the  Flint  Glass  Trade,  containing 
up-to-date  recipes  and  valuable  information  as  to  Crystal,  Demi-crystal 
and  Coloured  Glass  in  its  many  varieties.  It  contains  the  recipes  for 
cheap  metal  suited  to  pressing,  blowing,  etc.,  as  well  as  the  most  costly 
crystal  and  ruby.  Second  Edition.  Crown  8vo.  Price  10s.  6d.  net, 
(Post  free,  10s.  9d.  home  ;  10s.  lOd.  abroad.) 

Contents. 

Ruby — Ruby  from  Copper — Flint  for  using  with  the  Ruby  for  Coating — A  German  Metal 
ornelian,  or  Alabaster — Sapphire  Blue — Crysophis — Opal — Turquoise  Blue  Gold  Colour 
Dark  Green — Green  (common) — Green  for  Malachite — Blue  for  Malachite  Black  for  Mela- 
chite — Black — Common  Canary  Batch — Canary — White  Opaque  Glass — Sealing-wax  Red 
Flint— Flint  Glass  (Crystal  and  Demi)— Achromatic  Glass— Paste  Glass— White  Enamel- 
Firestone —  Dead  White  (for  moons) — White  Agate — Canary — Canary  Enamel — Index. 
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A  TREATISE  ON  THE  ART  OF  GLASS  PAINTING. 

Prefaced  with  a  Review  of  Ancient  Glass.  By  Ernest  R.  Suffling. 
With  One  Coloured  Plate  and  Thirty-seven  Illustrations.  Demy  8vo. 
140  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

A  Short  History  of  Stained  Glass — Designing  Scale  Drawings — Cartoons  and  the  Cut  Line 
— Various  Kinds  of  Glass  Cutting  for  Windows — The  Colours  and  Brushes  used  in  Glass 
Painting — Painting  on  Glass,  Dispersed  Patterns — Diapered  Patterns — Aciding — Firing — 
Fret  Lead  Glazing — Index. 

PAINTING  ON  GLASS  AND  PORCELAIN  AND 
ENAMEL  PAINTING.  A  Complete  Introduction  to  the 

Preparation  of  all  the  Colours  and  Fluxes  used  for  Painting  on  Porce¬ 
lain,  Enamel,  Faience  and  Stoneware,  the  Coloured  Pastes  and  Col¬ 
oured  Glasses,  together  with  a  Minute  Description  of  the  Firing  of 
Colours  and  Enamels.  By  Felix  Hermann,  Technical  Chemist.  With 
Eighteen  Illustrations.  300  pp.  Translated  from  the  German  second 
and  enlarged  Edition.  Price  10s.  6d.  net.  (Post  free,  10s.  lOd.  home  ; 
1  Is.  abroad.) 

Paper  Making,  Paper  Dyeing, 
and  Testing. 

THE  DYEING  OF  PAPER  PULP.  A  Practical  Treatise  for 
the  use  of  Papermakers,  Paperstainers,  Students  and  others.  By 
Julius  Erfurt,  Manager  of  a  Paper  Mill.  Translated  into  English 
and  Edited  with  Additions  by  Julius  Hubner,  F.C.S.,  Lecturer  on 
Papermaking  at  the  Manchester  Municipal  Technical  School.  With 
Illustrations  and  157  patterns  of  paper  dyed  in  the  pulp.  Royal 
8vo,  180  pp.  Price  15s.  net.  (Post  free,  15s.  6d.  home ;  16s.  6d.  abroad.) 
Contents. 

Behaviour  of  the  Paper  Fibres  during  the  Process  of  Dyeing,  Theory  of  the 
Mordant — Colour  Fixing  Mediums  (Mordants)— Influence  of  the  Quality  of  the  Water 
Used— Inorganic  Colours— Organic  Colours— Practical  Application  of  the  Coal  Tar 
Colours  according  to  their  Properties  and  their  Behaviour  towards  the  Different 
Paper  Fibres — Dyed  Patterns  on  Various  Pulp  Mixtures — Dyeing  to  Shade— Index. 

THE  PAPER  MILL  CHEMIST.  By  Henry  P.  Stevens, 
M.A.,  Ph.D.,  F.I.C.  Royal  12mo.  60  Illustrations.  300  pp.  Price 

7s.  6d.  net.  (Post  free,  7s.  9d.  home  ;  7s.  lOd.  abroad.) 

Contents. 

Introduction. — Dealing  with  the  Apparatus  required  in  Chemical  Work  and  General 
Chemical  Manipulation,  introducing  the  subject  of  Qualitative  and  Quantitative  Analysis. 
Fuels. — Analysis  of  Coal,  Coke  and  other  Fuels — Sampling  and  Testing  for  Moisture,  Ash, 
Calorific  Value,  etc. — Comparative  Heating  Value  of  different  Fuels  and  Relative  Efficiency. 
Water. — Analysis  for  Steam  Raising  and  for  Paper  Making  Purposes  generally — Water 
Softening  and  Purification — A  List  of  the  more  important  Water  Softening  Plant,  giving 
Power  required,  Weight,  Space  Occupied,  Out-put  and  Approximate  Cost.  Raw  Materials 
and  Detection  of  Adulterants — Analysis  and  Valuation  of  the  more  important  Chemicals 
used  in  Paper  Making,  including  Lime,  Caustic  Soda,  Sodium  Carbonate,  Mineral  Acids, 
Bleach  Antichlor,  Alum,  Rosin  and  Rosin  Size,  Glue  Gelatin  and  Casein,  Starch,  China  Clay, 
Blanc  Fixe,  Satin  White  and  other  Loading  Materials,  Mineral  Colours  and  Aniline  Dyes. 
Manufacturing  Operations. — Rags  and  the  Chemical  Control  of  Rag  Boiling — Esparto 
Boiling — Wood  Boiling — -Testing  Spent  Liquors  and  Recovered  Ash — -Experimental  Tests 
with  Raw  Fibrous  Materials — Boiling  in  Autoclaves — Bleaching  and  making  up  Hand  Sheets 
— Examination  of  Sulphite  Liquors — Estimation  of  Moisture  in  Pulp  and  Half-stuff — Recom 
mendations  of  the  British  Wood  Pulp  Association.  Finished  Products.— Paper  Testing, 
including  Physical,  Chemical  and  Microscopical  Tests,  Area,  Weight,  Thickness,  Apparent 
Specific  Gravity,  Bulk  or  Air  Space.  Determination  of  Machine  Direction,  Thickness, 
Strength,  Stretch,  Resistance  to  Crumpling  and  Friction,  Transparency,  Absorbency  and 
other  qualities  of  Blotting  Papers — Determination  of  the  Permeability  of  Filtering  Papers — 
Detection  and  Estimation  of  Animal  and  Vegetable  Size  in  Paper — Sizing  Qualities  of 
Paper — Fibrous  Constituents — Microscopical  Examination  of  Fibres — The  Effect  of  Beating 
on  Fibres— Staining  Fibres — Mineral  Matter — Ash- — Qualitative  and  Quantitative  Examina¬ 
tion  o'  Mineral  Matter — Examination  of  Coated  Papers  and  Colouring  Matters  in  Paper. 
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Tables. — English  and  Metrical  Weights  and  Measures  with  Equivalents — Conversion  of 
Grams  to  Grains  and  vice  versa — Equivalent  Costs  per  lb.,cwt.,and  ton — Decimal  Equivalents 
of  lbs.,  qrs.,  and  cwts. — Thermometric  and  Barometric  Scales — Atomic  Weights  and  Molecular 
Weights — Factors  for  Calculating  the  Percentage  of  Substance  Sought  from  the  Weight  of 
Substance  Found — Table  of  Solubilities  of  Substances  Treated  of  in  Paper  Making — Specific 
Gravity  Tables  of  such  substances  as  are  used  in  Paper  Making,  including  Sulphuric  Acid, 
Hydrochloric  Acid,  Bleach,  Milk  of  Lime,  Caustic  Soda,  Carbonate  of  Soda,  etc.,  giving 
Percentage  Strength  with  Specific  Gravity  and  Degrees  Tw. — Hardness  Table  for  Soap 
Tests — Dew  Point — Wet  and  Dry  Bulb  Tables — Properties  of  Saturated  Steam,  giving 
Temperature,  Pressure  and  Volume — List  of  Different  Machines  used  in  the  Paper  Making 
Industry,  giving  Size,  Weight.  Space  Occupied,  Power  to  Drive,  Out-put  and  Approximate 
Cost — Calculation  of  Moisture  in  Pulp — Rag-Boiling  Tables,  giving  Percentages  of  Lime, 
Soda  and  Time  required — -Loss  in  Weight  in  Rags  and  other  Raw  Materials  during  Boiling 
and  Bleaching — Conditions  of  Buying  and  Selling  as  laid  down  by  the  Paper  Makers’  Associa¬ 
tion — Table  of  Names  and  Sizes  of  Papers — Table  for  ascertaining  the  Weight  per  Ream  from 
the  Weight  per  Sheet — Calculations  of  Areas  and  Volumes — Logarithms — Blank  pages  for 
Notes. 

THE  TREATMENT  OF  PAPER  FOR  SPECIAL 
PURPOSES,  By  L.  E.  Andes.  Translated  from  the 
German.  Crown  8vo.  48  Illustrations.  250  pp.  Price  6s.  net.  (Post 
free,  6s.  4d.  home;  6  .  6d.  abroad). 

Contents. 

I.,  Parchment  Paper,  Vegetable  Parchment.  -The  Parchment  Paper  Machine — 
Opaque  Supple  Parchment  Paper — Thick  Parchment — Krugler’s  Parchment  Paper  and  Parch¬ 
ment  Slates — Double  and  Triple  Osmotic  Parchment — Utilising  Waste  Parchment  Paper — 
Parchmented  Linen  and  Cotton — Parchment  Millboard — Imitation  Horn  and  Ivory  from 
Parchment  Papei — Imitation  Parchment  Paper — Artificial  Parchment — Testing  the  Sulphuric 
Acid.  II.,  Papers  for  Transfer  Pictures.  III.,  Papers  for  Preservative  and  Packing 
Purposes. — Butter  Papei — Wax  Paper — Paraffin  Paper — Wrapping  Paper  for  Silverware — 
Waterproof  Paper — Anticorrosive  Paper.  IV.,  Grained  Transfer  Papers.  V.,  Fireproof  and 
Antifalsification  Papers.  VI.,  Paper  Articles. — Vulcanised  Paper  Mache — Paper  Bottles — 
Plastic  Articles  of  Paper — Waterproof  Coverings  for  Walls  and  Ceilings — Paper  Wheels, 
Roofing  and  Boats — Pa  er  Barrels — Paper  Boxes — Paper  Horseshoes.  VII.,  Gummed  Paper. 
VIII.,  Hectograph  Papers.  IX.,  Insecticide  Papers. — -Fly  Papers— Moth  Papers.  X., 
Chalk  and  Leather  Papers. — Glace  Chalk  Paper— Leather  Paper — Imitation  Leather. 
XL,  Luminous  Papers — Blue-Print  Papers — Blotting  Papers.  XII.,  Metal  Papers — Medi¬ 
cated  Papers.  XIII.,  Marbled  Papers.  XIV.,  Tracing  and  Copying  Papers — Iridiscent  or 
Mother  of  Pearl  Papers.  XV.,  Photographic  Papers — Shellac  Paper — Fumigating  Papers — 
Test  Papers.  XVI.,  Papers  for  Cleaning  and  Polishing  Purposes — Glass  Paper — 
Pumic  Paper — Emery  Paper.  XVII.,  Lithographic  Transfer  Papers.  XIX.,  Sundry 
Special  Papers — Satin  Paper — Enamel  Paper — Cork  Paper — Split  Paper— Electric  Papei — 
Paper  Matches- — Magic  Pictures — Laundry  Blue  Papers — Blue  Paper  for  Bleachers.  XX., 
Waterproof  Papers — Washable  Drawing  Papers — Washable  Card — Washable  Coloured  Paper 
— Waterproof  Millboard — Sugar  Paper.  XXI.,  The  Characteristics  of  Paper — Paper  Testing. 

Enamelling  on  Metal. 

ENAMELS  AND  ENAMELLING.  For  Enamel  Makers, 
Workers  in  Gold  and  Silver,  and  Manufacturers  of  Objects  of  Art. 
By  Paul  Randau.  Translated  from  the  German.  With  Sixteen  Illus¬ 
trations.  Demy  8vo.  180  pp.  Price  10s.  6d.  net.  (Post  free,  10s.  lOd. 
home;  11s.  abroad.) 

THE  ART  OF  ENAMELLING  ON  METAL.  By  W. 

Norman  Brown.  Twenty-eight  Illustrations.  Crown  8vo.  60  pp. 
Price  2s.  6d.  net.  (Post  free,  2s.  9d.  home  and  abroad.) 

Silk  Manufacture. 

SILK  THROWING  AND  WASTE  SILK  SPINNING. 

By  Hollins  Rayner.  Demy  8vo.  170  pp.  117  Illus.  Price  5s.  net. 
(Post  free,  5s.  4d.  home;  5s.  6d.  abroad.) 

Contents. 

The  Silkworm — Cocoon  Reeling  and  Qualities  of  Silk — Silk  Throwing — Silk  Wastes — The 
Preparation  of  Silk  Waste  for  Degumming — Silk  Waste  Degumming,  Schapping  and  Dis¬ 
charging — The  Opening  and  Dressing  of  Wastes — Silk  Waste  “  Drawing  ”  or  “  Preparing  ” 
Machinery — Long  Spinning — Short  Spinning — Spinning  and  Finishing  Processes — Utilisation 
of  Waste  Products — Noil  Spinning — Exhaust  Noil  Spinning. 


19 


Books  on  Textile  and  Dyeing 
Subjects. 

THE  CHEMICAL  TECHNOLOGY  OF  TEXTILE 
FIBRES :  Their  Origin,  Structure,  Preparation,  Washing, 
Bleaching,  Dyeing,  Printing  and  Dressing.  By  Dr.  Georg  von 
Georgievics.  Translated  from  the  German  by  Charles  Salter. 
320  pp.  Forty-seven  Illustrations.  Royal  8vo.  Price  10s.  6d.  net. 
(Post  free,  11s.  home;  11s.  3d.  abroad.) 

Contents. 

The  Textile  Fibres— Washing,  Bleaching,  Carbonising— Mordants  and  Mor¬ 
danting — Dyeing— Printing — Dressing  and  Finishing. 

POWER-LOOM  WEAVING  AND  YARN  NUMBERING, 

According  to  Various  Systems,  with  Conversion  Tables.  Translated 
from  the  German  of  Anthon  Gruner.  With  TWfinty-Six  Diagrams 
in  Colours.  150  pp.  Crown  8vo.  Price  7s.  6d.  net.  (Post  free, 
7s.  9d.  home  ;  8s.  abroad.) 

Contents. 

Power- Loom  Weaving  in  General.  Various  Systems  of  Looms— Mounting  and 
Starting  the  Power- Loom.  English  Looms— Tappet  or  Treadle  Looms— Dobbies— 
General  Remarks  on  the  Numbering,  Reeling  and  Packing  of  Yarn— Appendix— Useful 
Hints.  Calculating  Warps— Weft  Calculations— Calculations  of  Cost  Price  in  Hanks. 

TEXTILE  RAW  MATERIALS  AND  THEIR  CON¬ 
VERSION  INTO  YARNS.  (The  Study  of  the  Raw 

Materials  and  the  Technology  of  the  Spinning  Process.)  By  Julius 
Zipser.  Translated  from  German  by  Charles  Salter.  302  Illus¬ 
trations.  500  pp.  Demy  8vo.  Price  10s.  6d.  net.  (Post  free,  11s. 
home;  11s.  6d.  abroad.) 

Contents. 

PART  I.— The  Raw  Materials  Used  in  the  Textile  Industry. 

Mineral  Raw  Materials.  Vegetable  Raw  Materials.  Animal  Raw  Materials. 

PART  II.— The  Technology  of  Spinning  or  the  Conversion  of  Textile  Raw 
Materials  into  Yarn. 

Spinning  Vegetable  Raw  Materials.  Cotton  Spinning— Installation  of  a  Cotton 
Mill— Spinning  Waste  Cotton  and  Waste  Cotton  Yarns— Flax  Spinning— Fine  Spinning— Tow 
Spinning — Hemp  Spinning — Spinning  Hemp  Tow  String — Jute  Spinning  Spinning  Jute  Line 
Yarn — Utilising  Jute  Waste. 

PART  III.— Spinning  Animal  Raw  Materials. 

Spinning  Carded  Woollen  Yarn— Finishing  Yarn— Worsted  Spinning— Finishing  Worsted 
Yarn— Artificial  Wool  or  Shoddy  Spinning— Shoddy  and  Mungo  Manufacture— Spinning 
Shoddy  and  other  Wool  Substitutes— Spinning  Waste  Silk— Chappe  Silk— Fine  Spinning- 
Index. 

GRAMMAR  OF  TEXTILE  DESIGN.  By  H.  Nisbet, 

Weaving  and  Designing  Master,  Bolton  Municipal  Technical  School. 
Demy  8vo.  280  pp.  490  Illustrations  and  Diagrams.  Price  6s.  net. 
(Post  free,  6s.  4d.  home;  6s.  6d.  abroad.) 

Contents. 

Chapter  I.,  Introduction. — General  Principle  of  Fabric  Structure  and  the  use  of  Design 

1  *l Chapter  II.,  The  Plain  Weave  and  its  Modifications.— The  Plain,  Calico,  or 
Tabby  Weave.— Firmness  of  Texture— Variety  of  Texture— Variety  of  Form  :  Ribbed  Fabrics 
— Corded  Fabrics — Matt  Weaves. 

Chapter  111.,  Twill  and  Kindred  Weaves.— Classification  of  Twill  Weaves.— i.  Con¬ 
tinuous  Twills— («)  Warp-face  Twills— (b)  Weft-face  Twills— (c)  Warp  and  Weft-face  Twills— 
The  Angle  of  Twill — Influences  affecting  the  Prominence  of  Twills  and  Kindred  Weaves  (a) 
Character  of  Weave,  (b)  Character  of  Yarn,  (c)  Number  of  Threads  per  Inch,  (d)  Direction  of 
Twill  in  Relation  to  the  Direction  of  Tivist  in  Yarn— 2.  Zigzag  or  Wavy  Twills— 3.  Re¬ 
arranged  Twills  :  Satin  Weaves— Table  of  Intervals  of  Selection  for  the  Construction  of 
Satin  Weaves — Corkscrew  Twills — Rearrangement  of  Twill  Weaves  on  Satin  and  other 
Bases— 4.  Combined  Twills— 5.  Broken  Twills— 6.  Figured  or  Ornamented  Twills. 

Chapter  IV.,  Diamond  and  Kindred  Weaves,— Diamond  Weaves.— Honeycomb  and 
Kindred  Weaves— Brighton  Weaves— Sponge  Weaves— Huck-a-Back  and  Kindred  Weaves— 
Grecian  Weaves — Linear  Zigzag  Weaves. 

Chapter  V.,  Bedford  Cords. — Plain  Calico-ribbed  Bedford  Cords — Plain  rwill-ribbed 
Bedford  Cords— Figured  Bedford  Cords— Tabulated  Data  of  Particulars  relating  to  the  Manu¬ 
facture  of  Seventeen  Varieties  of  Bedford  Cord  Fabrics  described  in  this  Chapter. 

[1 Continued  on  next  page 
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continued. 

Chapter  VI.,  Backed  Fabrics. — Weft-backed  Fabrics — Warp-backed  Fabrics — Reversible 
or  Double-faced  Fabrics. 

Chapter  VII.,  Fustians. — Varieties  of  Fustians. — Imperials  or  Swansdowns — Cantoons 
or  Diagonals — Moleskins— Beaverteens— -Velveteens  and  Velveteen  Cutting — Ribbed  or 
Co  ded  Velveteen — Figured  Velveteen — Corduroy— Figured  Corduroy — Corduroy  Cutting 
Machines. 

Chapter  VIII.,  Terry  Pile  Fabrics.— Meth  ds  of  producing  Terry  Pile  on  Textile  Fab¬ 
rics— Terry-forming  Devices— Varieties  of  Terry  Fabrics— Action  of  the  Reed  in  Relation  to 
Shedding — Figured  Terry  Weaving — Practical  Details  of  Terry  Weaving. 

Chapter  IX.,  Gauze  and  Leno  Fabrics.— Gauze,  Net  Leno,  and  Leno  Brocade 
Varieties  of  Cross-Weaving1.- — Plain  Gauze,  and  a  Heald  Gauze  or  Leno  Harness — Net 
Leno  Fabrics — Gauze  and  Net  Leno  Figuring  by  means  of  several  Back  Standard  Healds  to 
each  Doup  Heald— Leno  Specialities  produced  by  a  System  of  Crossing  Warp  Ends  in 
front  of  the  Reed — A  Device  for  the  Production  of  Special  Leno  Effects — Full  Cross  Leno 
Fabrics — Relative  Merits  of  a  Top  and  a  Bottom  Doup  Harness — Relative  Merits  of  Different 
T ypes  of  Lobbies  for  Gauze  and  Leno  Fabrics-  Shaking  Devices  for  Leno  Weaving — -Practical 
Details  of  Leno  Weaving— Tempered  Steel-wire  Doup  harnesses  for  Cross-weaving— 
Mock  or  Imitation  Leno  Fabrics. 

Chapter  X,  Tissue,  Lappet,  and  Swivel  Figuring;  also  Ondulk  Effects,  and 
Looped  Fabrics. — Tissue  Figuring — Madras  Muslin  Curtains — Lappet  Figuring — Spot 
Lappet  Figuring— Swivel  Figuring— Woven  Ondule  Effects— Loom  for  Weavi-g  Onduld 
Effects — Weft  Onciule  Effects — Looped  Fabrics. — Index. 

ART  NEEDLEWORK  AND  DESIGN.  POINT  LACE.  A 

Manual  of  Applied  Art  for  Secondary  Schools  and  Continuation  Classes. 
By  M.  E.  Wilkinson.  Oblong  quarto.  With  22  Plates.  Bound  in 
Art  Linen.  Price  3s.  6d.  net.  (Post  free,  3s.  lOd.  home;  4s.  abroad.) 

Contents. 

Sampler  of  Lace  Stitches — Direct  ons  for  work  ng  Point  Lace,  tracing  Patterns,  etc.— 
List  of  Materials  and  Implements  required  for  working.  Plates  I.,  Simple  Lines,  Straight  and 
Slanting,  and  Designs  formed  from  them.  II. ,  Patterns  formed  from  Lines  in  previous 
Lesson.  III.,  Patterns  formed  from  Lines  in  previous  Lesson.  IV.,  Simple  Curves,  and 
Designs  formed  from  them.  V.,  Simple  Leaf  form,  and  Designs  formed  from  it.  VI.,  Ele, 
mentary  Geometrical  forms,  with  Definitions.  VII. ,  Exercises  on  previous  Lessons.  VIII., 
Filling  of  a  Square,  Oblong  and  Circle  with  Lace  Stitches.  IX.,  Design  for  Tie  End,  based 
on  simple  Leaf  form.  X.,  Lace  Butterflies  (Freehand).  XI.,  Twenty  simple  Designs  evolved 
from  Honiton  Braid  Leaf.  XII.,  Design  for  Lace  Handkerchief,  based  on  previous  Lesson. 
XIII.,  Design  for  Tea-cosy.  XIV.,  Freehand  Lace  Col'ar.  XV.,  Freehand  Lace  Cuff  (to 
match).  XVI.,  Application  of  Spray  from  Lesson  XI.  XVII.,  Adaptation  of  Curves  within 
a  Square,  for  Lace  Cushion  Centre.  XVIII.,  Conventional  Spray  for  corner  of  Tea-cloth. 
XIX.,  Geometrical  form  for  Rosebowl  D'Oyley,  to  be  originally  filled  in.  XX.,  Geometrical 
form  for  Flower-vase  D'Oyley,  to  be  originally  filled  in.  Each  Lesson  contains  Instructions 
for  Working,  and  application  of  new  Stitches  from  Sampler, 

HOME  LACE-MAKING.  A  Handbook  for  Teachers  and 
Pupils.  By  M.  E.  W.  Milroy.  Crown  8vo.  64  pp.  With  3  Plates 
and  9  Diagrams.  Price  Is.  net.  (Post  free,  Is.  3d.  home;  Is.  4d. 
abroad.) 

THE  CHEMISTRY  OF  HAT  MANUFACTURING.  Lec¬ 
tures  delivered  before  the  Hat  Manufacturers’  Association.  By  Wat¬ 
son  Smith,  F.C.S. ,  F.I.C.  Revised  and  Edited  by  Albert  Shonk. 
Crown  8vo.  132  pp.  16  Illustrations.  Price  7s.  6d.  net.  (Post  free, 
7s.  9d.  home ;  7s.  lOd.  abroad.) 

THE  TECHNICAL  TESTING  OF  YARNS  AND  TEX¬ 
TILE  FABRICS.  With  Reference  to  Official  Specifica¬ 
tions.  Translated  from  the  German  of  Dr.  J.  Herzfeld.  Second 
Edition.  Sixty-nine  Illustrations.  200  pp.  Demy  8vo.  Price  10s.  6d. 
net.  (Post  free,  10s.  lOd.  home  ;  11s.  abroad.) 

DECORATIVE  AND  FANCY  TEXTILE  FABRICS. 

By  R.  T.  Lord.  For  Manufacturers  and  Designers  of  Carpets,  Damask, 
Dress  and  all  Textile  Fabrics.  200  pp.  Demy  8vo.  132  Designs  and 
Illustrations.  Price7s.6d.net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 

THEORY  AND  PRACTICE  OF  DAMASK  WEAVING. 

By  H.  Kinzer  and  K.  Walter.  Royal  8vo.  Eighteen  Folding  Plates. 
Six  Illustrations.  Translated  from  the  German.  110  pp.  Price  8s.  6d. 
net.  (Post  free,  9s.  home ;  9s.  6d.  abroad.) 
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TEXTILE  BOOKS — continued. 

Contents.  „  ,  ,  ....  . 

The  Various  Sorts  of  Damask  Fabrics-Drill  (Ticking,  Handloom-made)- Whole 
Damask  for  Tablecloths— Damask  with  Ground-  and  Connecting-warp  Threads  Far"'tu 
Damask— Lampas  or  Hangings— Church  Damasks— The  Manufacture  of  Whole  Damask 
—Damask  Arrangement  with  and  without  Cross-Shedding— The  Altered  Cone-arrangemen. 

The  Principle  of  the  Corner  Lifting  Cord— The  Roller  Principle- The  Combination  of  the 
Jacquard  with  the  so-called  Damask  Machine— The  Special  Damask  Machine  The  Combina¬ 
tion  of  Two  Tyings. 

FAULTS  IN  THE  MANUFACTURE  OF  WOOLLEN 
GOODS  AND  THEIR  PREVENTION.  By  Nicolas 

Reiser.  Translated  from  the  Second  German  Edition.  Crown  8vo. 
Sixty-three  Illustrations.  170  pp.  Price  5s.  net.  (Post  free,  os.  4d. 
home  ;  5s.  6d.  abroad.) 

Contents.  _  .  ,  ., 

Improperly  Chosen  Raw  Material  or  Improper  Mixtures— Wrong  Treatment  of  the 
Material  in  Washing,  Carbonisation,  Drying,  Dyeing  and  Spinning— ^proper  Spacing  of  the 
Goods  in  the  Loom-Wrong  Placing  of  Colours-Wrong  Weight  or  Width  of  the  Goods 
—  Breaking  of  Warp  and  Weft  Threads— Presence  of  Doubles,  Singles,  Thick,  Loom, 
and  too  Hard  Twisted  Threads  as  well  as  Tangles,  Thick  Knots  and  the  ^.‘ke— Errors 
Cross-weaving — Inequalities,  i.e..  Bands  and  Stripes-Dirty  Bo Oved 
Holes  and  Buttons— Rubbed  Places-Creases— Spots-Loose  and  Bad  Colours ^Batlly  Dyec 
Selvedges— Hard  Goods— Brittle  Goods— Uneven  Goods— Removal  of  Bands,  Stripes, 
Creases  and  Spots. 

SPINNING  AND  WEAVING  CALCULATIONS,  especially 

relating  to  Woollens.  From  the  German  of  N.  Reiser.  Thirty-four 
Illustrations.  Tables.  160  pp.  Demy  8vo.  1904.  Price  10s.  6d.  net. 
(Post  free,  10s.  lOd.  home;  11s.  abroad.) 

Calculating  the  Raw  Material— Proportion  of  Different  Grades  of  Wool  to  Furnish  a 
Mixture  at  aKGiven  Price— Quantity  to  Produce  a  Given  Length— Yarn  Calculations  Yarn 
Number— Working  Calculations— Calculating  the  Reed  Count— Cost  of  \\  ea\mg,  etc. 

WATERPROOFING  OF  FABRICS.  By  Dr.  S.  Mierzinski. 
Crown  8vo.  104  pp.  19  Illus.  Price  5s.  net.  (Post  free,  5s.  3d.  home; 
5s.  4d.  abroad.) 

Contents.  „  ....... 

Introduction-Preliminary  Treatment  of  the  Fabric- Waterproofing  with  Acetate  ot 
Alumina-Impregnation  of  the  Fabric-Drying-Waterproofing  with  P  a  r  a  ffi  n— W  a  ter  p  r  o  ohn  g 
with  Ammonium  Cuprate -Waterproofing  with  Metalhc  Oxides- Coloured  Waterproof 
Fabrics- Waterproofing  with  Gelatine,  Tannin,  Caseinate  of  Lime  and  other  Bodies-Manu 
facture  of  Tarpaulin— British  Waterproofing  Patents— Index. 

HOW  TO  MAKE  A  WOOLLEN  MILL  PAY.  By  John 

Mackie.  Crown  8vo.  76  pp.  Price  3s.  6d.  net.  (Post  free,  3s.  9d. 
home  ;  3s.  lOd.  abroad.) 

Blends,  Piles,  or  Mixtures  of  Clean  Scoured  Woo's— Dyed  Wool  Book— The  Order  Book 
-Pattern  Duplicate  Books-Management  and  Oversight-Constant  Inspection  of  Mill  De 
partments-Importance  of  Delivering  Goods  to  Time,  Shade,  Strength,  etc.— Plums. 

(For  “  Textile  Soaps  and  Oils  see  />.  7.) 

Dyeing,  Colour  Printing, 
Matching  and  Dye-stufts. 

THE  COLOUR  PRINTING  OF  CARPET  YARNS.  Manual 

for  Colour  Chemists  and  Textile  Printers.  By  David  Paterson, 
F.C.S.  Seventeen  Illustrations.  136  pp.  Demy  8vo.  Price  7s.  6d. 
net.  ;Post  free,  7s.  lOd.  home ;  8s.  abroad.) 

Structure  and  Constitution  of  Wool  £brP  Yam  Icouri ng-Scouring  t^s- Water  f or 
Scouring— Bleaching  Carpet  Yarns— Colour  Making  for  Yarn  Printing— Colour  Pnnt  "8 
Pastes— -'Colour  Recipes  fir  Yarn  Printing-Science  of  Colour  ®f  p^ted 

—“Hank”  Printing— Printing  Tapestry  Carpet  Yarns— Yarn  Printing— Steaming  I  rintea 
Yarns- Washing  ot  Steamed  Yarns-Aniline  Colours  Suitable  for  Yarn  Printing— Glossary  of 
Dyes  and  Dye-wares  used  in  Wood  Yarn  Printing  Appendix. 
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THE  SCIENCE  OF  COLOUR  MIXING.  A  Manual  in¬ 
tended  for  the  use  of  Dyers,  Calico  Printers  and  Colour  Chemists.  By 
David  Paterson,  F.C.S.  Forty-one  Illustrations,  Five  Coloured  Plates 
and  Four  Plates  showing:  Eleven  Dyed  Specimens  of  Fabrics.  132 

pp.  Demy  8vo.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  •  8s 
abroad.) 


„  ,  „  ,  Contents. 

Colour  a  Sensation;  Colours  of  Illuminated  Bodies;  Colours  of  Opaque  and  Transparent 
MethnV  f  .Colou£- Ana|ysls  of  Light;  Spectrum;  Homogeneous  Colours;  Ready 

Method  of  Obtaining  a  Spectrum— Examination  of  Solar  Spectrum ;  The  Spectroscope  and 
Dvid ^ahU?r!°nhC^ louns‘s.Use  Spectroscope-Colour  by  Absorption  ;  Solutions  and 

WC  TiC  °^d  Fabrics  m  Gaslight-Colour  Primaries  of  the  Scientist 
vei sus  the  Dyer  and  Artist;  Colour  Mixing  by  Rotation  and  Lye  Dyeing;  Hue,  Puritv 
aBndg|mnSS;  r'ntS:  Sbades-  Scales,  Tones,  Sad  and  Sombre  Colours— Colour  Mixing;  Pure 
and  Impure  Greens,  Orange  and  Violets;  Large  Variety  of  Shades  from  few  Colours;  Con- 
™  “  °f  ,thfe  P.rJ£t,cal  Primaries  :  Red,  Yellow  and  Blue-Secondary  Colours ;  Nomen- 
-Tertlarv  Sh^  R Jurple  Group ;  Tints  and  Shades  of  Violet;  Changes  in  Artificial  Light 

Ph  ipi,  Tl,Sn  d|  d  B,:oken  Bues;  Absorption  Spectra  of  Tertiary  Shades-Appendix :  Four 
I  lates  with  Dyed  Specimens  Illustrating  Text — Index.  1 


DYERS  MATERIALS  :  An  Introduction  to  the  Examination, 

Evaluation  and  Application  of  the  most  important  Substances  used  in 
Dyeing,  Printing,  Bleaching  and  Finishing.  By  Paul  Heerman,  Ph.D. 
Translated  from  the  German  by  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc. 
(Lond.).  Twenty-four  Illustrations.  Crown  8vo.  150  pp.  Price  5s. 
net.  (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 

COLOUR  MATCHING  ON  TEXTILES.  A  Manual  in¬ 
tended  for  the  use  of  Students  of  Colour  Chemistry,  Dyeing  and 
Textile  Printing.  By  David  Paterson,  F.C.S.  Coloured  Frontis¬ 
piece.  Twenty-nine  Illustrations  and  Fourteen  Specimens  of  Dyed 
Fabrics.  Demy  8vo.  132  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home  ;  8s.  abroad.) 


Contents. 

mp.Ci°'0Uo\isi0nCand.StrUCtr  ?fAe  Eye-Perception  of  Colour-Primary  and  Compie- 
n  y  9°J?ur  Sensations  Daylight  for  Colour  Matching-Selection  of  a  Good  Pure  Light 
-Diffused  Daylight  Direct  Sunlight,  Blue  Skylight,  Variability  of  Daylight,  etc.,  etc - 
?!  KUfA^'r,t,vandALumm0rsity  of  Colours— Matching  Bright  Hues-Aid  of  Tinted 
'  .  ~  ]'lat?hln8  Difficulties  Arising  from  Contrast— Examination  of  Colours  by  Reflected 
-M  Jtchffi?  fr  V,ghtS~lbvef:t  ofoL,UStr^  and  ^  ransParency  of  Fibres  in  Colour  Matching 
o  h  n  f  9m0TSJ°,n,  Xelvet  P(le— 1 Optical  Properties  of  Dye  stuffs,  Dichroism,  Fluor¬ 
escence-Use  of  Tinted  Mediums— Orange  Film-Defects  of  the  Eye- Yellowing  of  the  Lens 
-Colour  Blindness,  etc.-Matchmg  of  Dyed  Silk  Trimmings  and  Linings  and  Bindings-Its 
Difficult, es-Behaviour  of  Shades  in  Artificial  Light-Colour  Matching  of  Old  Fabrics? etc.- 
P*X1"atJ°."^f  Dyed  Colours  under  the  Artificial  Lights— Electric  Arc,  Magnesium  and  Dufton, 
of  A.L,ghu’  V£elsbach’  Acetylene,  etc.-Testing  Qualities  of  an  Illuminant-Influence 
ot  the  Absorption  Spectrum  in  Changes  of  Hue  under  the  Artificial  Lights— Study  of  the 
Causes  of  Abnormal  Modifications  of  Hue,  etc. 


COLOUR:  A  HANDBOOK  OF  THE  THEORY  OF 
COLOUR.  By  George  H.  Hurst,  F.C.S.  With  Ten 
Cojoured  Plates  and  Seventy-two  Illustrations.  160  pp.  Demy  8vo 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 


„  ,  ,  Contents. 

Colour  arid  Its  Production— Cause  of  Colour  in  Coloured  Bodies— Colour  Pheno- 
S&S!™  1-1^1**— Contrast— Colour  Decors,  l.n'Z, 


Reissue  of 

THE  ART  OF  DYEING  WOOL,  SILK  AND  COTTON. 

Translated  from  the  French  of  M.  Hellot,  M.  Macquer  and  M.  le 
Pileur  D’Apligny.  First  Published  in  English  in  1789.  Six  Plates. 
Demy  8vo.  446  pp.  Price  5s.  net.  (Post  free,  5s.  6d.  home;  6s. 
abroad.) 
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THE  CHEMISTRY  OF  DYE-STUFFS.  By  Dr.  Georg  Von 

Georgievics.  Translated  from  the  Second  German  Edition.  412  pp. 

Demy  8vo.  Price  10s.  6d.  net.  (Post  free,  11s.  home  ;  11s.  6d.  abroad.) 

Contents.  ,  .  _ 

Introduction— Coal  Tar— Intermediate  Products  in  the  Manufacture  of  Dye-stuffs  the 
Artificial  Dye-stuffs  (Coal-tar  Dyes)— Nitroso  Dye-stuffs— Nitro  Dye-stuffs— Azo ^Dye-stuffs 
Substantive  Cotton  Dye-stuffs  — Azoxystilbene  Dye-stuffs— Hydrazones— Ketoneimides 
Tri  phenyl  methane  Dye-stuffs—  Rosolic  Acid  Dye-stuffs— Xanthene  Dye-stuffs— Xanthone  Dye¬ 
stuffs—  Flavones— Oxyketone  Dye-stuffs— Quinoline  and  Acridine  Dye-stuffs -Quinommide 
or  Diphenylamine  Dye-stuffs— The  Azine  Group:  Eurhodines,  Saframnes  and  Indulines 
Eurhodines-Safranines-Quinoxalines-  Indigo  -Dye-stuffs  of  Unknown  Constitution - 
Sulphur  or  Sulphine  Dye  stuffs— Development  of  the  Artificial  Dye  stuff  Industry  Tie 
Natural  Dye-stuffs— Mineral  Colours— Index. 

THE  DYEING  OF  COTTON  FABRICS:  A  Practical 

Handbook  for  the  Dyer  and  Student.  By  Franklin  Beech,  Practical 

Colourist  and  Chemist.  272  pp.  Forty-four  Illustrations  of  Bleaching 

and  Dyeing  Machinery.  Demy  8vo.  Price  7s.  6d.  net.  (Post  free, 

7s.  lOd.  home ;  8s.  abroad.) 

Contents. 

Structure  and  Chemistry  of  the  Cotton  Fibre-Scouring  and  Bleaching  of 
Machinery  and  Dyeing  Manipulations— Principles  and  Practice  of  Cotton  Dyeing  Direct 
Dyeing •  Direct  Dyeing  followed  by  Fixation  with  Metallic  Salts:  Direct  Dyeing  flowed  by 
Fixation  with  Developers;  Direct  Dyeing  followed  by  Fixation  with  Couplers,  Dyeing  o 
Tannic  Mordant  -  Dyeing  on  Metallic  Mordant;  Production  of  Colour  Direct  upon  Cotton 
Fibres;  Dyeing  Cotton  by  Impregnation  with  Dye-stuff  Solution— Dyeing  Union  (Mixed  Cotton 
and  Wool)  Fabrics— Dyeing  Half  Silk  (Cotton-Silk,  Satin)  Fabrics— Operations  following 
Dyeing— Washing,  Soaping,  Drying— Testing  of  the  Colour  of  Dyed  Fabrics  Experimenta 
Dyeing  and  Comparative  Dye  Testing— Index.  „  ,  .  .  ..  .  ■  .  „ 

The  book  contains  numerous  recipes  for  the  production  on  Cotton  Eabrics  of  all  kind 
great  range  of  colours. 

THE  DYEING  OF  WOOLLEN  FABRICS.  By  Franklin 

Beech  Practical  Colourist  and  Chemist.  Thirty-three  Illustrations. 

Demy  8vo.  228  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 

8s.  abroad.) 

Contents.  „  ^  . 

The  Wool  Fibre — Structure,  Composition  and  Properties— Processes  Preparatory  to  Dyeing 
-Scouring  and  Bleaching  of  Wool-Dyeing  Machinery  and  Dyeing  ManiPulat,ons-LooSe 
Woo!  Dyeing,  Yarn  Dyeing  and  Piece  Dyeing  Machinery— The  Principles  and  Practice  ot 
Wool  Dyeing —  Properties  of  Wool  Dyeing-Methods  of  Wool  Dyeing-Groups  of^Dyes 
Dyeing  with  the  Direct  Dyes— Dyeing  with  Basic  Dyes— Dyeing  with  Acid  Dyes  D> e  g 
with  Mordant  Dyes— Level  Dyeing -Blacks  on  Wool— Reds  on  Wool-Mordanting  of  Wool 
Orange  Shades  on  Wool— Yellow  Shades  on  Wool— Green  Shades  on  Wool  Blue  Shades  on 
Wool— Violet  Shades  on  Wool— Brown  Shades  on  Wool— Mode  Colours  on  Wool— Dyeing 
Union  (Mixed  Cotton  Wool)  Fabrics- Dyeing  of  Gloria-Qperations  following  Dyeig 
Washing,  Soaping,  Drying— Experimental  Dyeing  and  Comparative  Dye  Testing— I  esting  ot 
the  Colour  of  Dyed  Fabrics — Index. 


Bleaching  and  Washing. 

A  PRACTICAL  TREATISE  ON  THE  BLEACHING  OF 
LINEN  AND  COTTON  YARN  AND  FABRICS.  By 

L  Tailfer,  Chemical  and  Mechanical  Engineer.  Translated  from  the 
French  by  John  Geddes  McIntosh.  Demy  8vo.  303  pp.  Twenty 
Illus.  Pricel2s.6d.net.  (Post  free,  13s.  home ;  13s.  6d.  abroad.) 


Cotton  Spinning  and  Combing. 

COTTON  SPINNING  (First  Year).  By  Thomas  Thornley, 
Spinning  Master,  Bolton  Technical  School.  160  pp.  Eighty-four  Illus¬ 
trations.  Crown  8vo.  Second  Impression.  Price  3s.  net.  (Post  free, 
3s.  4d.  home  ;  3s.  6d.  abroad.) 
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COTTON  SPINNING  (Intermediate,  or  Second  Year).  Bv 

Thomas  Thornley.  Second  Impression.  180  pp.  Seventy  Illustra- 
tions  Crown  8vo.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d 
abroad.)  ’ 

«  iiok  .i-  Contents. 

Des  and  F*ami"at>°n  Papers  of  the  City  and  Guilds  of  London  Institute-The 
gSjl-SS'rSji™™8  «"«  Spinning— i^ng 

COTTON  SPINNING  (Honours,  or  Third  Year).  By  Thomas 

Thornley  216  pp.  Seventy-four  Illustrations.  Crown  8vo.  Second 
Edition.  Price  5s.  net.  (Post  free,  5s.  4d.  home ;  5s.  6d.  abroad.) 

c  ii  u  .  —  Contents. 

scpr„rg”tn*?.ti"g“4m,,g*,"“' 5  -» sa 

COTTON  COMBING  MACHINES.  By  Thos.  Thornley, 
Spinning  Master,  Technical  School,  Bolton.  Demy  8vo  117  Illustra 
tions.  300  pp.  Price  7s.  6d.  net.  (Post  free,  8s.  home  ;  8s.  6d.  abroad  ) 
....  .  .  Contents.  ' 

Comber-The  Cam  Shift  “n,  “it  * ‘KT  CftP  Mach'ne-Ge„eral  Description  of  the  Heilmann 
Resetting  ^  DYach'n«,  and  Attaching  Mechanism  of  the  Comber- 

Index!*  Various  Notes  and  DiTcu ss?o  n s— Cotton  o m bi ng^M  ach!  n e s^of  *  Conti nen t'alU  Vlak  e— 

Flax,  Hemp  and  Jute  Spinning. 

MODERN  FLAX,  HEMP  AND  JUTE  SPINNING  AND 
TWISTING.  A  Practical  Handbook  for  the  use  of  Flax 
Hemp  and  Jute  Spinners,  Thread,  Twine  and  Rope  Makers.  Bv 
Herbert  R.  Carter,  Mill  Manager,  Textile  Expert  and  Engineer 
Examiner  in  Flax  Spinning  to  the  City  and  Guilds  of  London 
Institute.  Demy  8vo.  1907.  With  92  Illustrations.  200  pp  Price 
7s.  6d.  net.  (Post  free,  7s.  9d.  home;  8s.  abroad.) 

D„  0..  ^  Contents. 

Raw  Fibre.  Origin  of  Flax— Hemp  and  Jute  Fibre— Description  of  the  Plants _ Mode  of 

Cultivation— Suitable  Climate  and  Soil-Sowing-Harvesting-Rippling  Flax  and  Hemo- 

^axeHemn  2n7PTVMet|tmgFExtraCtl0n  °f  the  Fibre-Marketing^he  Fibre— Bracquing— 

„  r  Pa  "d  Jute  Marks— i Comparative  Prices-Ports  of  Export— Trade  Centres— Fibre 
Raw  Fihre^  °ftS_rDUu  °n  FlbTe7F,bre  Exports.  Hackling.  — Sorting  and  Storing  the 
Raw  Fibre  Softening  Hemp  and  Jute— Jute  Batching— Cutting— Piecing  Out— Rouehine— 

Formant1ony-H7nd  ^  Mach,ne7rTlPPling— Sorting— Ventilation  of  Hacklfng  Rooms  Oliver 
Formation.  Spreading  Line— Heavy  Spreading  System— Good’s  Combined  Hackle  and 
Spreader-Jute  Breakmg  and  Carding-Flax  and  Hemp  Tow  Carding-Bell  Calculation- 

—  Draft ^Catculahon °rSet^ Calcutat "g  ..Line  and  T°W  Preparing.- Drawing  and  Doubling 
/rare  calculation  —Set  Calculation — Tow  Combing— Compound  Systems— Automatic  Sfon 
Atotion^and  Independent  Heads— Details  of  Preparmg  Ma^Nnery-^enUlation  HumMlca' 
non.  util  Spinning.— Gill  Spinning  for  Shoe  Threads,  Rope  Yarns  Binder  and  Trawl 
Twines— The  Automatic  Gill  Spinner-Rope  and  Reaper  Yarn  Numbering  The  Fh 
_ Practical  ‘c'hfn  p°'!II\?  Fra,?e-— Bobbin  Winding— Differential  Motion— Twist  Calculation 

Frames-Draft  and  °,7u,and„HaIf“Ur>'  Spinning-Flyer  and  Ring 

rames  uratt  and  I  wist  Calculation— Bobbin  Dragging— Reaches— Set  of  Breast  R.,m 

and  l,n-rod  Wet  Spinning  of  Flax,  Hemp  and  Tow-Hot  and  Cold  Water  Spinning 
Improvements  in  the  Water  Trough-Turn  off  and  Speed  of  Spindled- Reachev-Bclt  na- 
wifd  JV"*  r‘Ape  driving  Oiling  Black  Threads— Cuts  per  Spindle— Ventil  ition  of  the 
Whi J ing— B a M ing °Sho  Y«rn  Department-Reeling-Cop  Winding-Cheese  and  Spool 
Bundling-Yarn iv.1*'  Yarn,  etc— Yarn  Drying  and  Conditioning-Yarn 
,  .  Weight  of  Yarn  Yarn  Tables — Duty  on  Yarn  Imports.  Manufac* 

ture  of  Threads,  Twines  and  Cords. — Hank  Winding — Wet  and  Dry  Twisting— Cabling _ 

Fancy  Yarns— 1  wme  Laying— Sizing  and  Polishing  Threads  and  Twines  -Softening  Threads 
-Skeimng  Threads  -Balling  Twines-Leeson's  Universal  Winder-Randing  Tw"ne!-Spo0F 
e"'1"g  Threads -Comparative  Prices  of  Flax  and  Hemp  Cords,  Lines  and  Threads 
Rope  Making— Construction  of  Hawsers  and  Cables— Stranding— Laying  and  Closing—^ 
ZZ?rndMRT  Machines— Rules  for  Rope  Makers— Weight  of  Ropes— Baking  and  Coilrng 
hi  PR  ft  Alechanical  Department— Boilers,  Engines  and  Turbines— Power  Transmission 
R°Pf7„FleCtric  Li«ht  and  Power  Transmission — Fan s — O J s  inTfflE 
— Heating— Ror^s— Chimney sfebl^i0n'  F*ax>  Hemp  and  Jute  Spinning  Mills  and  Ropework 
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Collieries  and  Mines. 

RECOVERY  WORK  AFTER  PIT  FIRES.  By  Robert 

Lamprecht,  Mining  Engineer  and  Manager.  Translated  from  the 
German.  Illustrated  by  Six  large  Plates,  containing  Seventy-six 
Illustrations.  175  pp.,  demy  8vo.  Price  10s.  6d.  net.  (Post  free, 
10s.  lOd.  home;  11s.  abroad.) 

Contents. 

Causes  of  Pit  Fires— Preventive  Regulations  :  (1)  The  Outbreak  and  Rapid  Extension 
of  a  Shaft  Fire  can  be  most  reliably  prevented  by  Employing  little  or  no  Combustible  Material 
in  the  Construction  of  the  Shaft :  (2)  Precautions  for  Rapidly  Localising  an  Outbreak  of  Fire  in 
the  Shaft;  (3)  Precautions  to  be  Adopted  in  case  those  under  1  and  2  Fail  or  Prove  Inefficient. 
Precautions  against  Spontaneous  Ignition  of  Coal.  Precautions  for  Preventing  Explosions  of 
Fire-damp  and  Coal  Dust.  Employment  of  Electricity  in  Mining,  particularly  in  Fiery  Pits. 
Experiments  on  the  Ignition  of  Fire-damp  Mixtures  and  Clouds  of  Coal  Dust  by  Electricity- 
Indications  of  an  Existing  or  Incipient  Fire— Appliances  for  Working  in  Irrespirable 
Gases:  Respiratory  Apparatus;  Apparatus  with  Air  Supply  Pipes;  Reservoir  Apparatus; 
Oxygen  Apparatus— Extinguishing  Pit  Fires:  (a)  Chemical  Means;  (6)  Extinction  with 
Water.  Dragging  down  the  Burning  Masses  and  Packing  with  Clay;  (c)  Insulating  the  Seat 
of  the  Fire  by  Dams.  Dam  Building.  Analyses  of  Fire  Gases.  Isolating  the  Seat  of  a  Fire 
with  Dams:  Working  in  Irrespirable  Gases  (“Gas-diving”):  Air-Lock  Work.  Complete 
Isolation  of  the  Pit.  Flooding  a  Burning  Section  isolated  by  means  of  Dams.  Wooden 
Dams:  Masonry  Dams.  Examples  of  Cylindrical  and  Dome-shaped  Dams.  Dam  Doors: 
Flooding  the  Whole  Pit— Rescue  Stations:  (a)  Stations  above  Ground;  (6)  Underground 
Rescue  Stations— Spontaneous  Ignition  of  Coal  in  Bulk— Index. 

VENTILATION  IN  MINES.  By  Robert  Wabner,  Mining 

Engineer.  Translated  from  the  German.  Royal  8vo.  Thirty  Plates 
and  Twenty-two  Illustrations.  240  pp.  Price  10s.  6d.  net.  (Post  free, 
11s.  home;  11s.  3d.  abroad.) 

Contents. 

The  Causes  of  the  Contamination  of  Pit  Air— The  Means  of  Preventing  the 
Dangers  resulting  from  the  Contamination  of  Pit  Air— Calculating  the  Volume 
of  Ventilating  Current  necessary  to  free  Pit  Air  from  Contamination— Determination 
of  the  Resistance  Opposed  to  the  Passage  of  Air  through  the  Pit— Laws  of  Re- 
sistance  and  Formul*  therefor— Fluctuations  in  the  Temperament  or  Specific  Re¬ 
sistance  of  a  Pit— Means  for  Providing  a  Ventilating  Current  in  the  Pit— Mechani¬ 
cal  Ventilation— Ventilators  and  Fans— Determining  the  Theoretical,  Initial,  and 
True  (Effective)  Depression  of  the  Centrifugal  Fan— New  Types  of  Centrifugal  Fan 
of  Small  Diameter  and  High  Working  Speed— Utilising  the  Ventilating  Current  to 
the  utmost  Advantage  and  distributing  the  same  through  the  Workings -Artifici¬ 
ally  retarding  the  Ventilating  Current— Ventilating  Preliminary  Workings— Blind 
Headings— Separate  Ventilation— Supervision  of  Ventilation— Index. 

HAULAGE  AND  WINDING  APPLIANCES  USED  IN 
MINES.  By  Carl  Volk.  Translated  from  the  German. 
Royal  8vo.  With  Six  Plates  and  148  Illustrations.  150  pp.  Price 
8s.  6d.  net.  (Post  free,  9s.  home;  9s.  3d.  abroad.) 

Contents. 

Haulage  Appliances — Rop  s — Haulage  Tubs  and  Tracks — Cages  and  Winding  Appliances — 
Winding  Engines  for  Vertical  Shafts— Winding  without  Ropes— Haulage  in  Levels  and 
Inclines  The  Working  of  Underground  Engines — Machinery  for  Downhill  Haulage. 


Dental  Metallurgy. 

DENTAL  METALLURGY :  MANUAL  FOR  STUDENTS 
AND  DENTISTS.  By  A.  B.  Griffiths,  Ph. D.  Demy 

8vo.  Thirty-six  Illustrations.  200  pp.  Price  7s.  6d.  net.  'Post  free, 
7s.  lOd.  home  ;  8s.  abroad.) 

Contents. 

Introduction— Physical  Properties  of  the  Metals— Action  of  Certain  Agents  on  Metals— 
Alloys  Action  of  Oral  Bacteria  on  Alloys — Theory  and  Varieties  of  Blowpipes — Fluxes — 
Furnaces  and  Appliances— Heat  and  Temperature— Gold— Mercury— Silver— Iron— Copper— 
^*nc  Magnesium  Cadmium — Tin — Lead  —  Aluminium — Antimony  —  Bismuth  —  Palladium- 
Platinum— Iridium— Nickel— Practical  Work— Weights  and  Measures. 
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Engineering,  Smoke  Prevention 

and  Metallurgy. 

THE  PREVENTION  OF  SMOKE.  Combined  with  the 

Economical  Combustion  of  Fuel.  By  W.  C.  Popplewell,  M.Sc., 
A.M.Inst.,  C.E.,  Consulting  Engineer.  Forty-six  Illustrations.  190  pp. 
Demy  8vo.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  3d.  abroad.) 
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Fuel  and  Combustion —  Hand  Firing  in  Boiler  Furnaces — Stoking  by  Mechanical  Means — 
Powdered  Fuel— Gaseous  Fuel — Efficiency  and  Smoke  Tests  of  Boilers — Some  Standard 
Smoke  Trials — The  Legal  Aspect  of  the  Smoke  Question — The  Best  Means  to  be  adopted  for 
the  Prevention  of  Smoke — Index. 

GAS  AND  COAL  DUST  FIRING.  A  Critical  Review  of 

the  Various  Appliances  Patented  in  Germany  for  this  purpose  since 
1885.  By  Albert  Putsch.  130  pp.  Demy  8vo.  Translated  from  the 
German.  With  103  Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home;  8s.  abroad.) 
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Generators— Generators  Employing  Steam — Stirring  and  Feed  Regulating  Appliances — 
Direct  Generators — Burners — Regenerators  and  Recuperators — Glass  Smelting  Furnaces— 
Metallurgical  Furnaces — Pottery  Furnace — Coal  Dust  Firing — Index. 

THE  HARDENING  AND  TEMPERING  OF  STEEL 
IN  THEORY  AND  PRACTICE.  By  Fridolin  Reiser. 

Translated  from  the  German  of  the  Third  Edition.  Crown  8vo. 
120  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  4d.  abroad.) 

Contents. 

Steel— Chemical  and  Physical  Properties  of  Steel,  and  their  Casual  Connection  — 
Classification  of  Steel  according  to  Use— Testing  the  Quality  of  Steel  —  SteeU 
Hardening —Investigation  of  the  Causes  of  Failure  in -Hardening — Regeneration  of 
Steel  Spoilt  in  the  Furnace— Welding  Steel— Index. 

SIDEROLOGY:  THE  SCIENCE  OF  IRON  (The  Con¬ 
stitution  of  Iron  Alloys  and  Slags).  Translated  from  German  of 
Hanns  Freiherr  v.  Juptner.  350  pp.  Demy  8vo.  Eleven  Plates 
and  Ten  Illustrations.  Price  10s.  6d.  net.  (Post  free,  11s.  home; 
11s.  6d.  abroad.) 
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The  Theory  of  Solution. — Solutions — Molten  Alloys — Varieties  of  Solutions — Osmotic 
Pressure — Relation  between  Osmotic  Pressure  and  other  Properties  of  Solutions — Osmotic 
Pressure  and  Molecular  Weight  of  the  Dissolved  Substance — Solutions  of  Gases — Solid  Solu¬ 
tions — Solubility — Diffusion— Electrical  Conductivity — Constitution  of  Electrolytes  and  Metals 
— Thermal  Expansion.  Micrography. — Microstructure — The  Micrographic  Constituents  of 
Iron — Relation  between  Micrographical  Composition,  Carbon-Content,  and  Thermal  Treat¬ 
ment  of  Iron  Alloys— The  Microstructure  of  Slags.  Chemical  Composition  of  the  Alloys 
of  Iron. — Constituents  of  Iron  Alloys — Carbon — Constituents  of  the  Iron  Alloys,  Carbon — 
Opinions  and  Researches  on  Combined  Carbon — Opinions  and  Researches  on  Combined 
Carbon — Applying  the  Curves  of  Solution  deduced  from  the  Curves  of  Recalescence  to  the  De 
termination  of  the  Chemical  Composition  of  the  Carbon  present  in  Iron  Alloys — The  Constitu¬ 
ents  of  Iron — Iron — The  Constituents  of  Iron  Alloys — Manganese— Remaining  Constituents  of 
Iron  Alloys— A  Silicon— Gases.  The  Chemical  Composition  of  Slag.— Silicate  Slags— 
Calculating  the  Composition  of  Silicate  Slags — Phosphate  Slags — Oxide  Slags — Appendix — 
Index. 

EVAPORATING,  CONDENSING  AND  COOLING  AP¬ 
PARATUS.  Explanations,  Formulas  and  Tables  for  Use 
in  Practice.  By  E.  Hausbrand,  Engineer.  Translated  by  A.  C. 
Wright,  M.A.  (Oxon.),  B.Sc.  (Lond.).  With  Twenty-one  Illustra¬ 
tions  and  Seventy-six  Tables.  400  pp.  Demy  Svo.  Price  10s.  6d.  net. 
(Post  free,  11s.  home;  11s.  6d.  abroad.) 

Contents. 

ffeCoefficient  of  Transmission  of  Heat,  k/,  and  the  Mean  Temperature  Difference,  6/m — 
Parallel  and  Opposite  Currents — ApparatusTor  Heating  with  Direct  Fire— The  Injection  of 
Saturated  Steam— Superheated  Steam — Evaporation  by  Means  of  Hot  Liquids— The  Trans' 
ference  of  Heat  in  General,  and  Transference  by  means  of  Saturated  Steam  in  Particular 
— The  Transference  of  Heat  from  Saturated  Steam  in  Pipes  (Coils)  and  Double  Bottoms 
—Evaporation  in  a  Vacuum— The  Multiple-effect  Evaporator— Multiple-effect  Ev  .oorators 


Contents  of  “Evaporating,  Condensing  and  Cooling 
Apparatus”.—  continued. 

from  which  Extra  Steam  is  Taken— The  Weight  of  Water  which  must  be  Evaporated  from 
100  Kilos,  of  Liquor  in  order  its  Original  Percentage  of  Dry  Materials  from  1-25  per  cent, 
up  to  20-70  per  cent.— The  Relative  Proportion  of  the  Heating  Surfaces  in  the  Elements 
of  the  Multiple  Evaporator  and  their  Actual  Dimensions— The  Pressure  Exerted  by  Currents 
of  Steam  and  Gas  upon  Floating  Drops  of  Water— The  Motion  of  Floating  Drops  of  Water 
upon  which  Press  Currents  of  Steam— The  Splashing  of  Evaporating  Liquids— The  Diameter 
of  Pipes  for  Steam,  Alcohol,  Vapour  and  Air— The  Diameter  of  Water  Pipes— The  Loss 
of  Heat  from  Apparatus  and  Pipes  to  the  Surrounding  Air,  and  Means  for  Preventing 
the  Loss— Condensers— Heating  Liquids  by  Means  of  Steam— The  Cooling  of  Liquids— 
The  Volumes  to  be  Exhausted  from  Condensers  by  the  Air-pumps— A  Few  Remarks  on  Air- 
pumps  and  the  Vacua  they  Produce— The  Volumetric  Efficiency  of  Air-pumps— The  Volumes 
of  Air  which  must  be  Exhausted  from  a  Vessel  in  order  to  Reduce  its  Original  Pressure  to  a 
Certain  Lower  Pressure — Index. 


Sanitary  Plumbing,  Electric 
Wiring,  Metal  Work,  etc. 

EXTERNAL  PLUMBING  W^ORK.  A  Treatise  on  Lead 
Work  for  Roofs.  By  John  W.  Hart,  R.P.C.  180  Illustrations.  272 
PP-  Demy  8vo.  Second  Edition  Revised.  Price  7s.  6d.  net.  (Post 
free,  7s.  lOd.  home  ;  8s.  abroad.) 


HINTS  TO  PLUMBERS  ON  JOINT  WIPING,  PIPE 
BENDING  AND  LEAD  BURNING.  Third  Edition, 

Revised  and  Corrected.  By  John  W.  Hart,  R.P.C.  184  Illustrations! 
313  pp.  Demy  8vo.  Price7s.6d.net.  (Post  free,  8s.  home ;  8s.  6d 
abroad.) 
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Pipe  Bending  —  Pipe  Bending  (continued)  —  Pipe  Bending  (continued)  —  Square  Pipe 
Bendings— Half-circular  Elbows— Curved  Bends  on  Square  Pipe— Bossed  Bends— Curved 
Plinth  Bends— Rain-water  Shoes  on  Square  Pipe— Curved  and  Angle  Bends— Square  Pine 
Fixings— Joint-wiping— Substitutes  for  Wiped  Joints— Preparing  Wiped  Joints— Joint  Fixings 
—Plumbing  Irons— Joint  Fixings— Use  of  “Touch”  in  Soldering— Underhand  Joints— Blown 
and  Copper  Bit  Joints— Branch  Joints— Branch  Joints  (continued)— Block  Joints— Block 
Joints  (continued)— Block  Fixings— Astragal  Joints— Pipe  Fixings— Large  Branch  Joints— 
Large  Underhand  Joints— Solders— Autogenous  Soldering  or  Lead  Burning— Index 

SANITARY  PLUMBING  AND  DRAINAGE.  By  John 

W.  Hart.  Demy  8vo.  With  208  Illustrations.  250  pp.  1904.  Price 
7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 
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Sanitary  Surveys -Drain  Testing— Drain  Testing  with  Smoke— Testing  Drains  with  Water 
—Drain  Plugs  tor  Testing— Sanitary  Defects-Closets— Baths  and  Lavatories— House  Drains 
—Manholes— Iron  Soil  Pipes— Lead  Soil  Pipes— Ventilating  Pipes— Water-closets— Flushing 
Cisterns— Baths— Bath  Fittings  —  Lavatories  — Lavatory  Fittings— Sinks— Waste  Pines— 
Water  Supply— Ball  Valves  — Town  House  Sanitary  Arrangements— Drainage— Jointly 
Pipes — Accessible  Drains — Iron  Drains — Iron  Junctions — Index.  s 

ELECTRIC  WIRING  AND  FITTING  FOR  PLUMBERS 
AND  GASFITTERS.  By  Sydney  F.  Walker,  R.N.,  M.I.E.E.. 
M.I.Min.E.,  A.M.Inst.C.E.,  etc.,  etc.  Crown  8vo.  150  pp.  With  Illus¬ 
trations  and  Tables.  Price  5s.  net.  (Post  free,  5s.  3d.  home  ;  5s  6d 
abroad.) 

„  Contents. 

Chapter  I.,  Electrical  Terms  Used.— Pressure  and  Current— The  Volt— Ampere— 
Electrical  Resistance— Earth— Continuous  and  Alternating  Currents— The  Electric  Circuit- 
Leakage— Heating  of  Conductors— Size  and  Forms  of  Conductors— The  Kilowatt— Loss  of 
Pressure— Arrangement  of  Conductors— Looping  In— The  Three  Wire  System— Switches— 
Fuses— Circuit— Breakers.  II.,  The  Insulation  of  Wires,  Their  Protection  Fiximr  etc 
—Conductors  Insulated  with  Paper  and  Similar  Materials— Sparking  between  Conductors 
—Dialite  lnsulat.on— Flexible  Cords— Concentric  Conductors— Twin  Conductors-Three  Core 
Cables— Fireproof  Insulation  for  Conductors— Jointing— T  Joints— Covering  T  Joints  in  V..I 
canized  Rubber  Cables.  III.  Fixing  the  Wiring  and  Cables.— Laying  Out  the  Route— The 
Protection  of  the  Wires  and  Cables— Wood  Casing— Metallic  Conduits— Non-Metallic  Con 
ductors— Fixing  the  Conduits  and  Running  Wires  in  Them— Drawing  Wire  ■  into  Tubes— To' 
Avoid  Shock.  IV.,  Lamps.— The  Incandescent  Lamp— Lamp  Holders— Lamp  Fittinss— The 
Nernst  Lamp.  V.,  Switches,  Fuses,  Distribution  Boards,  etc. -The  Electricity  Meter- 
Prepayment  Meters.  } 
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THE  PRINCIPLES  AND  PRACTICE  OF  DIPPING, 
BURNISHING,  LACQUERING  AND  BRONZING 
BRASS  WARE.  By  W.  Norman  Brown.  35  pp.  Crown 

8vo.  Price  2s.  net.  (Post  free,  2s.  3d.  home  and  abroad.) 

A  HANDBOOK  ON  JAPANNING  AND  ENAMELLING 
FOR  CYCLES,  BEDSTEADS,  TINWARE,  ETC.  By 

William  Norman  Brown.  52  pp.  and  Illustrations.  Crown  8vo. 
Price  2s.  net.  (Post  free,  2s.  3d.  home  and  abroad.) 

THE  PRINCIPLES  OF  HOT  WATER  SUPPLY.  By 

John  W.  Hart,  R.P.C.  With  129  Illustrations.  177  pp.,  demy  8vo. 
Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ;  8s.  abroad.) 
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Water  Circulation— The  Tank  System— Pipes  and  Joints— The  Cylinder  System— Boilers 
for  the  Cylinder  System— The  Cylinder  System— The  Combined  Tank  and  Cylinder  System 
—Combined  Independent  and  Kitchen  Boiler— Combined  Cylinder  and  Tank  System  with 
Duplicate  Boilers— Indirect  Heating  and  Boiler  Explosions— Pipe  Boilers— Safety  Valves— 
Safety  Valves— The  American  System— Heating  Water  by  Steam— Steam  Kettles  and  Jets 
— Heating  Power  of  Steam — Covering  for  Hot  Water  Pipes — Index. 

House  Decorating  and  Painting. 

THREE  HUNDRED  SHADES  AND  HOW  TO  MIX 
THEM.  For  Architects,  Painters  and  Decorators.  By  A. 

Desaint,  Artistic  Interior  Decorator  of  Paris.  The  book  contains  100 
folio  Plates,  measuring  12  in.  by  7  in.,  each  Plate  containing  specimens 
of  three  artistic  shades.  These  shades  are  all  numbered,  and  their 
composition  and  particulars  for  mixing  are  fully  given  at  the  beginning 
of  the  book.  Each  Plate  is  interleaved  with  grease-proof  paper,  and 
the  volume  is  very  artistically  bound  in  art  and  linen  with  the  Shield 
of  the  Painters’  Guild  impressed  on  the  cover  in  gold  and  silver.  Price 
21s.  net.  (Post  free,  21s.  6d.  home  ;  22s.  6d.  abroad.) 

HOUSE  DECORATING  AND  PAINTING.  By  W. 

Norman  Brown.  Eighty-eight  Illustrations.  150  pp.  Crown  8vo. 
Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home  and  abroad.) 

A  HISTORY  OF  DECORATIVE  ART.  By  W.  Norman 

Brown.  Thirty-nine  Illustrations.  96  pp.  Crown  8vo.  Price  2s.  6d. 
net.  (Post  free,  2s.  9d.  home  and  abroad.) 

WORKSHOP  WRINKLES  for  Decorators,  Painters,  Paper 
hangers  and  Others.  By  W.  N.  Brown.  Crown  8vo.  128  pp.  Second 
Edition.  Price  2s.  6d.  net.  (Post  free,  2s.  9d.  home  ;  2s.  lOd.  abroad.) 


Brewing  and  Botanical* 

HOPS  IN  THEIR  BOTANICAL,  AGRICULTURAL 
AND  TECHNICAL  ASPECT,  AND  AS  AN  ARTICLE 
OF  COMMERCE.  By  Emmanuel  Gross,  Professor  at 

the  Higher  Agricultural  College,  Tetschen-Liebwerd.  Translated 
from  the  German.  Seventy-eight  Illustrations.  340  pp.  Demy  8vo. 
Price  12s.  6d.  net.  (Post  free,  13s.  home;  13s.  6d.  abroad.) 
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Fruit  and  Seed— Propagation  and  Selection  of  the  Hop — Varieties  of  the  Hop:  (a)  Red  Hops  ; 
(ft)  Green  Hops;  (c)  Pale  Green  Hops — Classification  according  to  the  Period  of  Ripening: 
Early  August  Hops  ;  Medium  Early  Hops  ;  Late  Hops — Injuries  to  Growth — Leaves  Turning 
Yellow,  Summer  or  Sunbrand,  Cones  Dropping  Off,  Honey  Dew,  Damage  from  Wind,  Hail 
and  Rain  ;  Vegetable  Enemies  of  the  Hop:  Animal  Enemies  of  the  Hop — Beneficial  Insects  on 
Hops — CULTIVATION — The  Requirements  of  the  Hop  in  Respect  of  Climate,  Soil  and 
Situation:  Climate;  Soil  ;  Situation — Selection  of  Variety  and  Cuttings — Planting  a  Hop 
Garden:  Drainage;  Preparing  the  Ground;  Marking-out  for  Planting ;  Planting;  Cultivation 
and  Cropping  of  the  Hop  Garden  in  the  First  Year — Work  to  be  Performed  Annually  in  the 
Hop  Garden:  Working  the  Ground;  Cutting;  The  Non-cutting  System;  The  Proper  Per¬ 
formance  of  the  Operation  of  Cutting:  Method  of  Cutting:  Close  Cutting,  Ordinary  Cutting, 
The  Long  Cut,  The  Topping  Cut ;  Proper  Season  for  Cutting :  Autumn  Cutting,  Spring 
Cutting;  Manuring;  Training  the  Hop  Plant:  Poled  Gardens,  Frame  Training;  Principal 
Types  of  Frames;  Pruning,  Cropping,  Topping,  and  Leaf  Stripping  the  Hop  Plant;  Picking, 
Drying  and  Bagging — Principal  and  Subsidiary  Utilisation  of  Hops  and  Hop  Gardens — Life 
of  a  Hop  Garden ;  Subsequent  Cropping — Cost  of  Production,  Yield  and  Selling  Prices. 

Preservation  and  Storage — Physical  and  Chemical  Structure  of  the  Hop  Cone— Judging 
the  Value  of  Hops. 

Statistics  of  Production— The  Hop  Trade  — Index. 


TIMBER :  A  Comprehensive  Study  of  Wood  in  all  its  Aspects 
(Commercial  and  Botanical),  showing  the  Different  Applications  and 
Uses  of  Timber  in  Various  Trades,  etc.  Translated  from  the  French 
of  Paul  Charpentier.  Royal  8vo.  437  pp.  178  Illustrations.  Price 
12s.  6d.  net.  (Post  free,  13s.  home  ;  14s.  abroad.) 
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Physical  and  Chemical  Properties  of  Timber— Composition  of  the  Vegetable  Bodies 
— Chief  Elements — M.  Fremy's  Researches — Elementary  Organs  of  Plants  and  especially  of 
Forests — Different  Parts  of  Wood  Anatomically  and  Chemically  Considered— General  Pro¬ 
perties  of  Wood— Description  of  the  Different  Kinds  of  Wood— Principal  Essences  with 
Caducous  Leaves — Coniferous  Resinous  Trees — Division  of  the  Useful  Varieties  of  Timber 
in  the  Different  Countries  of  the  Globe— European  Timber— African  Timber— Asiatic 
Timber— American  Timber — Timber  of  Oceania — Forests— General  Notes  as  to  Forests  ;  their 
Influence — Opinions  as  to  Sylviculture— Improvement  of  Forests — Unwooding  and  Rewooding 
—  Preservation  of  Forests— Exploitation  of  Forests — Damage  caused  to  Forests— Different 
Alterations  -The  Preservation  of  Timber— Generalities— Causes  and  Progress  of  De 
terioration— History  of  Different  Proposed  Processes^- Dessication— Superficial  Carbonisation 
of  Timber — Processes  by  Immersion — Generalities  as  to  Antiseptics  Employed — Injection 
Processes  in  Closed  Vessels — The  Boucherie  System,  Based  upon  the  Displacement  of  the 
Sap — Processes  for  Making  Timber  Uninflammable — Applications  of  Timber — Generalities 
— Working  Timber — Paving — Timber  for  Mines — Railway  Traverses — Accessory  Products — 
Gums — Works  of  M.  Fremy — Resins — Barks — Tan— Application  of  Cork— The  Application  of 
Wood  to  Art  and  Dyeing — Different  Applications  of  Wood — Hard  Wood — Distillation  of 
Wood — Pyroligneous  Acid — Oil  of  Wood — Distillation  of  Resins— Index. 


THE  UTILISATION  OF  WOOD  WASTE.  Translated  from 

the  German  of  Ernst  Hubbard.  Crown  8vo.  192  pp.  Fifty  Illustra¬ 
tions.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ;  5s.  6d.  abroad.) 


Contents. 


General  Remarks  on  the  Utilisation  of  Sawdust— Employment  of  Sawdust  as  Fuel, 
with  and  without  Simultaneous  Recovery  of  Charcoal  and  the  Products  of  Distillation- 
Manufacture  of  Oxalic  Acid  from  Sawdust— Process  with  Soda  Lye ;  Thorn’s  Process ; 
Bohlig's  Process— Manufacture  of  Spirit  (Ethyl  Alcohol)  from  Wood  Waste— Patent  Dyes 
(Organic  Sulphides,  Sulphur  Dyes,  or  Mercapto  Dyes)— Artificial  Wood  and  Plastic  Com 
positions  from  Sawdust— Production  of  Artificial  Wood  Compositions  for  Moulded  De¬ 
corations— Employment  of  Sawdust  for  Blasting  Powders  and  Gunpowders— Employment 
of  Sawdust  for  Briquettes— Employment  of  Sawdust  in  the  Ceramic  Industry  and  as  an 
Addition  to  Mortar— Manufacture  of  Paper  Pulp  from  Wood— Casks — Various  Applications 
of  Sawdust  and  Wood  Refuse — Calcium  Carbide— Manure— Wood  Mosaic  Plaques — Bottle 
Stoppers — Parquetry — Fire-lighters — Carborundum — The  Production  of  Wood  Wool— Bark- 
Index. 
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Building  and  Architecture. 

THE  PREVENTION  OF  DAMPNESS  IN  BUILDINGS; 

with  Remarks  on  the  Causes,  Nature  and  Effects  of  Saline,  Efflores¬ 
cences  and  Dry-rot,  for  Architects,  Builders,  Overseers,  Plasterers, 
Painters  and  House  Owners.  By  Adolf  Wilhelm  Keim.  Translated 
from  the  German  of  the  second  revised  Edition  by  M.  J.  Salter,  F.I.C., 
F.C.S.  Eight  Coloured  Plates  and  Thirteen  Illustrations.  Crown  8vo. 
115  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  4d.  abroad.) 

HANDBOOK  OF  TECHNICAL  TERMS  USED  IN  ARCHI¬ 
TECTURE  AND  BUILDING,  AND  THEIR  ALLIED 
TRADES  AND  SUBJECTS.  By  Augustine  C.  Passmore. 
Demy  8vo.  380  pp.  Price  7s.  6d.  net.  (Post  free,  8s.  home  ;  8s.  6d. 
abroad.) 

The  Preserving  of  Foods  and 
Sweetmeats. 

THE  MANUFACTURE  OF  PRESERVED  FOODS  AND 
SWEETMEATS.  By  A.  Hausner.  With  Twenty-eight 

Illustrations.  Translated  from  the  German  of  the  third  enlarged 
Edition.  Crown  8vo.  225  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  9d. 
home;  7s.  lOd.  abroad.) 
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The  Manulacture  of  Conserves— Introduction— The  Causes  of  the  Putrefaction  of  Food 
—The  Chemical  Composition  of  Foods— The  Products  of  Decomposition— The  Causes  of  Fer¬ 
mentation  and  Putrefaction— Preservative  Bodies— The  Various  Methods  of  Preserving  Food 
—The  Preservation  of  Animal  Food— Preserving  Meat  by  Means  of  Ice— The  Preservation 
of  Meat  by  Charcoal— Preservation  of  Meat  by  Drying— The  Preservation  of  Meat  by  the 
Exclusion  of  Air— The  Appert  Method— Preserving  Flesh  by  Smoking— Quick  Smosing— Pre¬ 
serving  Meat  with  Salt— Quick  Salting  by  Air  Pressure— Quick  Salting  by  Liquid  Pressure— 
Gamgee’s  Method  of  Preserving  Meat— The  Preservation  of  Eggs— Preservation  of  White 
and  Yolk  of  Egg— Milk  Preservation— Condensed  Milk— The  Preservation  of  Fat— Manu¬ 
facture  of  Soup  Tablets— Meat  Biscuits— Extract  of  Beef— The  Preservation  of  Vegetable 
Foods  in  General — Compressing  Vegetables — Preservation  of  Vegetables  by  Appert  s  Method 
. — The  Preservation  of  Fruit- — Preservation  of  Fruit  by  Storage — The  Preservation  of  Fruit 
by  Drying— Drying  Fruit  by  Artificial  Heat— Roasting  Fruit— The  Preservation  of  Fruit  with 
Sugar— Boiled  Preserved  Fruit— The  Preservation  of  Fruit  in  Spirit,  Acetic  Acid  or  Glycerine 
- — Preservation  of  Fruit  without  Boiling — Jam  Manufacture — The  Manufacture  of  Fruit 
jellies— The  Making  of  Gelatine  Jellies— The  Manufacture  of  “  Sulzen  "— The  Preservation  of 
Fermented  Beverages— The  Manufacture  of  Candies— Introduction— The  Manufacture  of 
Candied  Fruit— The  Manufacture  of  Boiled  Sugar  and  Caramel— The  Candying  of  Fruit- 
Caramelised  Fruit— The  Manufacture  of  Sugar  Sticks,  or  Barley  Sugar— Bonbon  Making- 
Fruit  Drops— The  Manufacture  of  Dragees— The  Machinery  and  Appliances  used  in  Candy 
Manufacture — Dyeing  Candies  and  Bonbons — Essential  Oils  used  in  Candy  Making  Fruit 
Essences— The  Manufacture  of  Filled  Bonbons,  Liqueur  Bonbons  and  Stamped  Lozenges— 
Recipes  for  Jams  and  Jellies — Recipes  for  Bonbon  Making — Dragdes  Appendix  Index. 

RECIPES  FOR  THE  PRESERVING  OF  FRUIT,  VEGE¬ 
TABLES  AND  MEAT.  By  E.  Wagner.  Translated 

from  the  German.  Crown  8vo.  125  pp.  With  14  Illustrations.  Price 
5s.  net.  (Post  free,  5s.  3d.  home;  5s.  4d.  abroad.) 

Contents. 

Part  I.  Preserved  Fruits.— Green  Almonds— Gooseberries— Strawberries— Currants— 
Cherries — Black  Nuts — White  Nuts— Apricots — Greengages — Pears — Peaches  Plums  Figs 
Melons — Apples — Chestnuts — Angelica — Pineapple.  Canned  Fruit.— Gooseberries— Cherries 
—Apricots— Plums— Rhubarb.  Glazed  and  Candied  Fruits.— Glazing  Fruit-Candied 
Fruit— Blue  Plums— Glazed  Chestnuts— Glazed  Pineapple  Slices— Crystallised  Strawberries. 
Marmalades,  Jams  and  Fruit  Juices. — Strawberry  Marmalade — Cherry  Marmalade 
Jams— Fruit  Jellies— Raspberry  Juice— Cherry  Juice  Lemon  Syrup— Pineapple  Juice.  Fruit 
Pulp  for  Ices.  Citron  Peel  and  Orange  Peel.  Part  II.  Preserved  Vegetables.— 
Asparagus — Peas — Beans — Carrots — Spinach — Artichokes — Tomatoes  Mixed  Vegetables 
Tinned  Julienne— Celery— Mushrooms— Truffles -Pickled  Gherkins— Gherkins  in  Mustard- 
Mixed  Pickles.  Part  111.  Preserved  Meats.— Veal  Cutlets— Fricondeau  of  Veal— Calves 
Head— Bouillon  Meat— Ox  Tongue— Beef  a  la  Mode— Roast  Hare— Roast  Venison— Mutton 
and  Cabbage — Savoury  Paste — Beef  Paste — Foie  Gras  Paste. 
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Dyeing  Fancy  Goods. 

THE  ART  OF  DYEING  AND  STAINING  MARBLE, 
ARTIFICIAL  STONE,  BONE,  HORN,  IVORY  AND 
WOOD,  AND  OF  IMITATING  ALL  SORTS  OF 
WOOD.  A  Practical  Handbook  for  the  Use  of  Joiners, 
Turners,  Manufacturers  of  Fancy  Goods,  Stick  and  Umbrella  Makers, 
Comb  Makers,  etc.  Translated  from  the  German  of  D.  H.  Soxhlet, 
Technical  Chemist.  Crown  8vo.  168  pp.  Price  5s.  net.  (Post  free, 
5s.  3d.  home  ;  5s.  4d.  abroad.) 

Celluloid. 

CELLULOID  :  Its  Raw  Material,  Manufacture,  Properties  and 
Uses.  A  Handbook  for  Manufacturers  o  Celluloid  and  Celluloid 
Articles,  and  all  Industries  using  Celluloid  ;  also  for  Dentists  and 
Teeth  Specialists.  By  Dr.  Fr.  Bockmann,  Technical  Chemist.  Trans¬ 
lated  from  the  Third  Revised  German  Edition.  Crown  8vo.  120  pp. 
With  49  Illustrations.  Price  5s.  net.  (Post  free,  5s.  3d.  home  ;  5s.  4d. 
abroad.) 

Contents. 

Chapters  I.,  Raw  Materials  for  the  Manufacture  of  Celluloid  :  Cellulose  and  Pyroxylin 
— Gun-cotton — Properties  of  Gun-cotton — Special  Gun  cottons  for  Celluloid  Manufacture — 
Nitrating  Centrifugalisers— Collodion  Wool— Methods  of  Preparing  Collodion  Wool — Cam¬ 
phor —  Japanese  (Formosa)  Camphor,  O  dinary  Camphor — Borneo  Camphor  (Borneol), 
Sumatra  Camphor,  Camphol,  Baros  Camphor) — Properties  of  Camphoi — Artificial  Camphor 
—Camphor  Substitutes.  II,,  The  Manufacture  of  Celluloid;  Manufacturing  Camphor  by 
the  Aid  of  Heat  and  Pressure — Manufacture  of  Celluloid  by  Dissolving  Gun-cotton  in  an 
Alcoholic  Solution  of  Camphor — Preparing  Celluloid  by  the  Cold  Process — Pr  paration  with 
an  Ethereal  Solution  of  Camphor — Preparation  with  a  Solution  of  Camphor  and  Wood 
Spirit.  III.,  The  Employment  of  Pyroxylin  for  Artificial  Silk:.  Denitrating 
and  Colouring  Pyroxylin —  Uninflammable  Celluloid  —  Celluloid  and  Cork  Composition — 
Incombustible  Celluloid  Substitute  —  Xylonite  or  Fibrolithoid.  IV.,  Properties  of 
Celluloid.  V.,  Testing  Celluloid  VI.,  Application  and  Treatment  of  Celluloid  : 
Caoutchouc  Industry — Making  Celluloid  Ornaments  —  Working  by  the  Cold  Process  — 
Working  by  the  Warm  Process — Celluloid  Combs— Celluloid  as  a  Basis  for  Artificial 
Teeth  —  Stained  Celluloid  Sheets  as  a  Substitute  for  Glass  —  Celluloid  Printing  Blocks 
and  Stamps— Collapsible  Seamless  Vessels  of  Celluloid — Making  Celluloid  Balls — Celluloid 
Posters— Pressing  Hollow  Celluloid  Articles— Casting  Celluloid  Articles — Method  for  Pro¬ 
ducing  Designs  on  Plates  or  Sheets  of  Celluloid,  Xylonite,  etc.— Imitation  Tortoiseshell — ■ 
Metallic  Incrustations — Imitation  Florentine  Mosaic — Celluloid  Collars  and  Cuffs — Phono¬ 
graph  Cylinder  Composition — Making  Umbrella  and  Stick  Handles  of  Celluloid  —  Celluloid 
Dolls  -Celluloid  for  Ships’  Bottoms — Celluloid  Pens — Colouring  Finished  Celluloid  Articles — 
Printing  on  Celluloid— Employment  of  Celluloid  (and  Pyroxylin)  in  Lacquer  Varnishes — Index. 

Lithography,  Printing  and 
Engraving. 

PRACTICAL  LITHOGRAPHY.  By  Alfred  Seymour. 

Demy  8vo.  With  Frontispiece  and  33  Illus.  120  pp.  Price  5s. 
net.  (Post  free,  5s.  4d.  home ;  5s.  6d.  abroad.) 

Contents. 

Stones— Transfer  Inks — Transfer  Papers — Transfer  Printing — Litho  Press — Press  Work — 
Machine  Printing — Colour  Printing — Substitutes  for  Lithographic  Stones — Tin  Plate  Printing 
and  Decoration — Photo-Lithography. 

PRINTERS’  AND  STATIONERS’  READY  RECKONER 
AND  COMPENDIUM.  Compiled  by  Victor  Graham. 
Crown  8vo.  112  pp.  1904.  Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home  ; 
3s.  lOd.  abroad.) 

Contents. 

Price  of  Paper  per  Sheet,  Quire,  Ream  and  Lb.— Cost  of  100  to  1000  Sheets  at  various 
Sizes  and  Prices  per  Ream— Cost  of  Cards— Quantity  Table— Sizes  and  Weights  of  Paper, 
Cards,  etc.— Notes  on  Account  Books— Discount  Tables— Sizes  of  spaces  —  Leads  to  a  lb. — 
Dictionary — Measure  for  Bookwork — Correcting  Proofs,  etc. 

ENGRAVING  FOR  ILLUSTRATION.  HISTORICAL 
AND  PRACTICAL  NOTES.  By  J.  Kirkbride.  72  pp. 
Two  Plates  and  6  Illustrations.  Crown  8vo.  Price  2s.  6d.  net.  (Post 
free,  2s.  9d.  home  ;  2s.  lOd.  abroad.) 
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Bookbinding. 

PRACTICAL  BOOKBINDING.  By  Paul  Adam.  Translated 

from  the  German.  Crown  8vo.  180  pp.  127  Illustrations.  Price  5s. 
net.  (Post  free,  5s.  4d.  home ;  5s.  6d.  abroad.) 

Sugar  Refining. 

THE  TECHNOLOGY  OF  SUGAR:  Practical  Treatise  on 

the  Modern  Methods  of  Manufacture  of  Sugar  from  the  Sugar  Cane  and 
Sugar  Beet.  By  John  Geddes  McIntosh.  Second  Revised  and 
Enlarged  Edition.  Demy  8vo.  Fully  Illustrated.  436  pp.  Seventy-six 
Tables.  1906.  Price  10s.  6d.  net.  (Post  free,  11s,  home;  11s.  6d. 
abroad.) 

Contents. 

Chemistry  of  Sucrose,  Lactose,  Maltose,  Glucose,  Invert  Sugar,  etc. — Purchase  and 
Analysis  of  Beets— Treatment  of  Beets — Diffusion — Filtration — Concentration — Evaporation — - 
Sugar  Cane  :  Cultivation— Milling — Diffusion — Sugar  Refining — Analysis  of  Raw  Sugars — 
Chemistry  of  Molasses,  etc. 

(See  “  Evaporating ,  Condensing ,  etc.,  Apparatus,”  p.  26.) 
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CLASSIFIED  GUIDE  TO  TECHNICAL  AND  COM¬ 
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mitting  the  amount  given  in  brackets. 

Full  Particulars  of  Contents  of  any  of  the  above  books  will 
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